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(57) Abstract 

A system for generating a digital representation of a video signal comprised of a sequence of video frames which each in- 
clude two video fields of a duration such that the video plays at a first prespecified rate of frames per second. The sequence of 
video frames includes a prespecified number of redundant video fields. Redundant video fields in the video frame sequence are 
identified by a video processor, and the video frame sequence is digitized by an analog to digital converter, excluding the identifi- 
ed redundant video fields. The digitized video frames are then compressed by a video compressor to generate a digital representa- 
tion of the video signal which plays at a second prespecified rate of frames per second. Furthermore, an electronic film editing 
system is disclosed, which permits editing based on either video time code or film footage code. 
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EUECTRONIC FILM EDITING SYSTEM USING 
BOTH FILM AND VIDEOTAPE FORMAT 

Backgronnd of th ft Tnyf^nfioTi 
This invention relates to techniques for electronically editing film 
Film video and audio source material is frequently edited digitally 
using a computer system, such as the Avid/1 Media Composer from Avid 
Technology, Inc., of Tewksbury, Massachusetts, which generates a digital 
5 representation of a source film, allowing a film editor to edit the digital 
version, rather than the film source itself. This editing technique 
provides great precision and flexibility in the editing process, and is thus 
gaining populaiiiy over the old style of film editing using a flatbed 
editor. 

10 The Avid/1 Media Composer accepts a videotape version of a 

source film, created by transferring the film to videotape using the so- 
called telecine process, and digitizes the videotape version for editing via 
manipulation by computer. The operation of the Media Composer is 
described more fully in copending application U.S.SJSf. 07/866,829, filed 

15 April 10, 1992, and entitled Improved Media Composer. The teachings 
of that application are incorporated herein by reference. Editing of the 
digitized film version is performed on the Media Composer computer 
using CRT monitors for displa3dng the digitized videotape, with the edit 
details being based on videotape timecode specifications. Once editing is 

20 complete, the Media Composer creates an edited videotape and a 

corresponding edit decision list (EDL) which documents the videotape 
timecode specification details of the edited videotape. The film editor 
uses this EDL to specify a cut and assemble list for editing the source 
fihn While providing many advantages over the old style flatbed filTn 

25 editing technique, this electronic editing technique is foxmd to be 
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cumbersome for some film editors who are imaccustomed to videotape 
timecode specifications. 

g«TnTnarv of the InvciitioiiL 
In general, in one aspect, the invention provides a system for 
5 generating a digital representation of a -video signal comprised of a 
sequence of -vid^ firam^s -^^hich each include two vid6o fields of a 

dm-ation such that the video plays at a first prespeofied rate of firames 
per second: The sequence of Trideo firaines inaud 
nmnber of redundant video fields. In the invention, redundant video 
10 fields in the video fi-ame sequence ar^ identified by a video processor, 
and the video fi-ame sequence is digitized hy an analog to digital 
converter, excluding the identified redundant video fields. The digitized 
video fi-ames are then compressed by a video compressor to generate a 
digital representation of the video signal vrhich plays at a second 
15 prespeofied rate of firames per second. 

In preferred embodiments, the invention further provides for 
storing the digitized representation of the video signal on a digital 
storage apparatus. The redundant video fields are identified by 
assigning a capture mask value to each video field in the video firame 
20 sequence, the capture mask value of a field being a "0" if the field is 

redundant, and the capture mask value of a field being a "1" for aU other 
video fields. A video frame grabber processes the video firame sequence 
based on the capture mask values to exclude the identified redundant 
video fi-ames fi^m being digitized. The video compressor compresses the 
25 video frames based on JPEG video compression. 

In other preferred embodiments, the first prespeofied video play 
rate is 29.97 fi-ames per second and the second prespeofied digital video 
play rate is 24 firames per second. The rate of the analog video signal is 
increased firom 29.97 frames per second to 30 frames per second before 
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the sf of digitizing the video frame sequence: In further preferred 
embodiihentSy the analog video signal is a video representation of film 
shot at 24 frames per second^ and the digital video play rate of 24 frames 
per second corresponds to the 24 frames per second filrn shooting rate. 
5 The analog video signal is a representation of fihn that is transferred to 
the video representation using a telecine apparatus. 

In general, in another aspect, the invention provides an electronic 
editing system for digitally editing film shot at a first prespecified rate 
and converted to an analog video representation at a second prespecified 

10 rate. The editing system includes analog to digital converting circuitry 
for accepting the analog video representation of the filTn^ adjusting the . 
rate of the analog video such that the rate corresponds to the Bxst 
prespecified rate at which the film vras shot, and digitizing the adjusted 
analog video to generate a corresponding digital representation of the 

15 film. Further included is a digital storage apparatus for storing the 
digital representation of the fihn, and computing apparatus for 
processing the stored digital representation of the filTn to electronically 
edit the film and correspondingly edit the stored digital representation of 
the film. 

20 In preferred embodiments, the system further includes digital to 

analog converting circuitry for converting the edited digital 
representation of the film to an analog video representation of the filrn 
adjusting the rate of the analog video from the first prespecified rate to 
the second prespecified video rate, and outputting the adjusted analog 

25 video. Preferably, the analog video representation of the fil™ accepted 
by the analog to digital converting circuity is an NTSC videotape. The 
apparatus for storing the digital representation of the fil-nn also stores a 
digitized version of a film transfer log corresponding to the fjigi't-?^! 
representation of the film. The system includes display apparatus for 
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displaying the digitized version of tiie film as ih^ filnx is electronically 
edited and displaying a metric for tracking the location of a.segment of 
the film as the segment is displayed, themetric being based oi* ^ther 
film footage code or video time code, as specified by the syst^ user. 
5 The electronic editing system of the invention allows nsers to 

provide the system vnth film formatted on standard videotapes. NTSC 
tapes, for example, and yet aUows the video^ to be digitaUy edited as if it 
were film, i.e.. running at film speed, as is preferred >y most filp^ 

editors. By reformatting the analog video as it is digitized, tixe system 
10 provides the abiUiy to electronicaUy edit film based on the same metac 

used in conventional film editing. 

•R^ef PescHption of th «* Dravgings 
Fig. 1 is a schematic diagram of the electi^nic editing system of 

the invention. 

15 Fig. 2 is a diagram of the telecine fihn-tape transfer pulldown 

scheme. 

Fig. 3 is a schematic diagram of the telecine film-tape transfer 
system. 

Fig. 4 is an Evertz Film Transfer Log produced by the telecine 
transfer system and processed by the editing system of tiie invention. 

Fig. 5 is an illustration of a video screen showing the electromc 
bin generated by the editing system of the invention. 

Fig. 6 is a diagram of the scheme employed by the editing system 
in digitizing a video input to the system 
25 Fig. 7 is an illusti^tion of a video screen shovnng the digitized 

video to be edited on the electaronic editing system of the invention. 
•n«.«rription nf the Fref "'^ Tr.T^hn^iTOent 
Referring to Fig. 1, there is shown the elecbromc editing system o 
the invention 10, including two CRT displays 12. 14 for displaying 
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digitized film dxiring an inditing isession^ and an audio output device 16, 
for e:sample, a pair of speakers, for playing digitized audio during an 
editing session; The displays 12, 14 and audio output 16 are all 
controlled by a computer 18, Preferably, the computer is a Macintosh™ 
5 Ilei, Quadra 900, or Quadra 950 all of which are available from Apple 
Computer, inc., of Gupertmo, California. The system includes a video 
tape record^ (VTR) 20 for accepting an electronic version of filrn footage, 
which is jpreixrocessed and digitized by a video analog to digital converter 
(A/iD) 26. A timing drcnit 28 controls the speed of the video being 
10 digitized, as described below. A video compressor 30 is connected to the 
video A/i3*for compressing the electronic image data to be manipulated . 
by the computer 18. An: audio A/D 22 and audio processor 24 process 
audio infonnatioh from the electronic version of fflrn footage in parallel . 
vHlthL the video processing. Disc storage 32 communicates with the 
15 computer to provide memory storage for digitized electronic image data. 
This disc storage may be optical, magnetic, or some other suitable media. 
The editing system is user*interfaced via a keyboard 34, or some other 
suitable user control interface. 

In operation, video and audio source material from a fil'yn which 
20 has been transferred to a videotape is received by the system via the 
video tape recorider 20, and is preprbcessed and digitized by the audio 
A/D 22, audio processor 24, video A/D 26, and video compressor 30, 
before being stored in the disc storage 32. The computer is programmed 
to display the digitized source video on a first of the CRTs 12 and play 
25 the accompanying digitized source audio on the audio output 16. 

Typically source material is displayed in one vTindow 36 of the first CRT 
12 and edited material is displayed in a second window 38 of that CRT. 
Control functions, edit update information, and commands input from 
the keyboard 32 are typically displayed on the second system CRT 14. 
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Once a film is input to the system, a film editor maj^ electronically 
edit ihe film using the keyboard to make edit decision commands. As 
^ be explained in detail below, the electronic editing system provides 
the fihn editor vnth great flexibility, in that the video displayed on the 
5 system CRT 12 may be measured and controlled in either the domain of 

fihn footage or the domain of videotape time code. This flexibaity 
provides many advantages over prior electronic editing systems. At the 
end of an editing session, the. electronic editing system provides^^^ 
editor vnih an edited videotape and both tape and film edit connnand 
10 lists for efifecting the edits firom the session on fihn or videotape. 

As explained above, the electronic editing system 10 leqmr^ • 
videotape version of a film for electronic manipulation of that film Such 
a tape is preferably generated by a standard fihn-tape tran^«: process, 
the telecine process, vdiich preferably uses the Time Logic Con^ll«^ 
15 telecine (TLC), a device that converts fihn into a video signal, ^en 

records the signal on videotape. A TLC controls the fihn-tape transfer 
more precisely than non-TLC systems. In addition, it outputs a report, 
described belov^, that includes video format specifications. Le.. timecode. 
edge number, audio timecode. scene, and take for each reference fi^e 
in each tape, thereby ehminating the need to search throu^ the video or 
fflm footage manually to find the data required for creating a log of video 
playing particulars. Other telecine systems may be used, however, 
depending on particular applications. 

Transfer fi^m fihn to tape is comphcated by the fact that film and 
25 video play at different rates-fihn plays at 24 frames per second (fjps), 
whereas PAL video plays at 25 fps and NTSC (National Television 
Standards Committee) video plays at 29.97 fips. H the fihn is shot at the 
standard rate of 24 fps and then taransferred to 29.97 ^s NTSC video, 
the difference between the film and video play rates is large (and 
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typically unacceptable): As a result, the film speed must be adjusted to 
accoTmriodate the fractional tape speed, and some filni frames must be 
duplicated during the transfer so that both versions haye the same 
duration. However, if the film is shot at 29.97 ^s, then transferring the 
5 footage to NTSC video is simple. Each filrn firame is then transferred 

directly to a video frame, as there are the same number of film, and video 
frames per second. 

Considering the most common case, in which 24 j^s film is to be 
transferred to 29.97 fps NTSC videotape, the telecine process must 
10 provide both a scheme for slowing the fil™ and a. frame duplication 

scheme; The film is slowed down by the telecine apparatus by 0.1% of 
the normal film speed, to 23.976 fps, so that when the transfer is made, 
the tape runs at 29.9T fys, rather than 30 fps. To illustrate the frame 
duplication scheme, in the simplest case, and disregarding the filTw slow- 
15 down requirement, one second of film would be transferred to one second 
of video: The one second of film would include 24 frames of film footage, 
but the corresponding one second of video woxild require 30 frames of 
footage. To accommodate this discrepancy, the telecine process 
dupUcates one film frame out of every four as the fil^n is transferred to 
20 tape, so that for each second of fihn footage, the corresponding second of 
tape includes six extra frames. 

Each video frame generated by the telecine process is actually a 
composite of two video fields: an odd field, which is a scan of the odd 
lines on a video screen, and an even field, which is a scan of the even 
25 lines. A video field consists of 262 1/2 scan lines, or passes of an electron 
beam across a video screen. To create a full video frame comprised of 
525 scan lines, an odd field, or scan of the odd lines, is followed by an 
even field, or scan of the even lines. Thus, when a duplicate video frame 
is generated and added in the telecine process, dupHcate video fields are 
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actuaUy created. During play of the resulting tape, each two video fields 

are interlaced t6 make a single frame by scanimxg of the odd lines (field 

one) foUowed by scanning of the even lines (field two) to create a 

complete frame of NTSC video. 

There are two possible systems for creating duplicate video fields 

in the telecine process, those systems being known as 2-3 pulldown and 
3-2ptdldown. The result pfthe 2-3 pulldown process is schematically 
ilhistratedinFig.2. In a filin-tape transfer using 2^ pulldown, the first 
fihn frame (A in Fig. 2) is transferred to 2 video fields AA of the first 
video frame; the nect film frame B is taransfeired to 3 video fields BBB, 
or one and one half vidco frames, film frame C is transferred to two . 

video fields CG, and so on. This 2-3 pulldown, sequence is also referred 
to as a SMPTE-A transfer. In a 3-2 pulldown transfer process, this 
sequence of dupfication is reversed; the first film frame A would be 
15 mapped to 3 video fields, the next film fi^eB would be mapped to 2 

video fields, and so on. This 3-2 pulldown sequence is also rrferred to as 
a SMPTE-B transfer. In either case, 4 frames of fihn are converted into 
10 video fields, or 5 frames of video footage. When a 2-3 puUdown 
sequence is used, an A, B. C. D seqiience in the original fihn footage 
creates an AA, BB, BC, CD, DD sequence of fields in the video footage, 
as shown in Fig. 2. The telecine process slows down the film before the 
frame transfer and duplication process, so that the generated video 

frames run at 29.97 ^>s. 

Referring to Fig. 3, as discussed above, the telecine 36 produces a 
video signal from the fihn; the video is generated to run at 29.97 fps^d 
indudes redundant fihn fi^esfirom the pulldown scheme. NAGRA™ 
audio timecode is the typical and preferable system used with fihns for 
tracking the fihn to its corresponding audiotape. During the telecine 
process, a corresponding audio track 38 is generated based on the 
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NAGRA™ and is slowed down by 0,1% so that it is synchronized to the 
slowed filTti speed. The sound from the film audiotrack is provided at 60 
Hz; a timing reference 40 at 59.94 Hz slows the audio down as required. 
Thus, the telecine process provides, for recordation on a videotape 48 via 
5 a videotape recorder 20, a video signal (V in the figure), corresponding 
aiidio tracks, Aj-A^, and the audio timecode (audio TC). 

A further film-tape correspondence is generated by the telecine 
process: This is required because, in addition to the difference between 
film and video play rates, the two media employ different systems for 
10 meastouig and locating footage. Film is measured in feet and frames. 
Specific footage is located using edge numbers, also called edge code or . 
latent edge numbers, which are burned into the film, For example, 
Kodak fflTTi provides Keykode™ on the film to track footage. The 
numbers appear once evexy 16 frames, or once every foot, on 35 mm film . 
15 The numbers appear once every 20 frames, or every half foot, on 16 mm 
fil-nn Note that 35 mm film has 16 frames per foot, while 16 mm film 
has 40 firames per foot. Each edge number includes a code for the film 
manufacturer and the film type, the reel, and a footage counter. Frames 
between marked edge numbers are identified using edge code nvxmbers 
20 and frame offsets. The frame offset represents the frame's distance from 
the preceding edge number. 

Videotape, footage is tracked and measured using a time-base 
system. Time code is applied to the videotape and is read by a time code 
reader. The time code itself is represented using an 8-digit format: 
25 XXiXXiXXiXX— hoursaninutes:seconds:frames. For example, a frame 

oocumng at 11 minutes, 27 seconds, and 19 frames into the tape would 
be represented as 00:11:27:19. 

It is preferable that during the telecine conversion, a log, called a 
Film Transfer Log (FTL), is created that makes a correspondence 
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between the film length-base and the -video time^base. The FTL 
doiniments the relationship between one videotape and the raw film 
footage usfed to create that tape, using s<H:aUed sync points. A sync 
p<>iht is a distinctive firame located at the beginning of a section of fihn, 
say, a dip, dr scene, which has been transferred to a tape. The following 
information documents a sync point: edge number of the sync point in 
the film footage, time code of the same firame in the video footage, the 
type of pialldown sequence used in the transfer, i.e., 2-3 pulldown or 3-2 
pulldown, and the pulldown mode of the video firame, Le., which of the A, 
B, C, and D fi-ames in each fihn five-frame series corr^ponds to the sync 
point frame. 

As shovm in Fig. 3, an Bvertz 4015 processor accepts the video 
signal from the teledne and the audio TC corresponding^ to the 
audiotrack aiid produces a timecode based on a synchronization of the 
15 audio and video. Then an Evertz PC 44 produces an Evertz FTL 46 
which includes the sync point information defined above. 

Fig. 4 illustrates a typical Evertz FTL 46. Each column of the log, 
specified with a unique Record #, corresponds to one dip, or scene on the 
video. Of particular importance in this log is the VideoTape Time Code 
In (VTTC IN) column 50 and VideoTape Time Code Out (VTTC OUT) 
column 52. For each scene, these columns note the video time code of 
the scene start and finish. In a corresponding manner, the Keyin 
column 54 and Keyout column 56 note the same points in film footage 
and fi^es. The Pullin column 58 and Pullout column 60 specify which 
25 of the A, B, C, or D frames in the pulldown sequence correspond to the 

frame at the start of the scene and the close of the scene. Thus, the FTL 
gives scene sync information that corresponds to both the video domain 
and the fi^rn domain. 

The electronic editing system of the invention accepts a videotape 
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produced by the telecine prpcess and an Eyertz FTL, stored on, for 
example, a floppy disk. When the FTL data on the disk is entered into 
the system, the system creates a corresponding bin in memory, stored on 
the system disc, in analogy to a fihn bin, in \7Mch film dips are stored 
5 for editing. The electronic bin contains all fields necessary for film 
editing, all comments, and all descriptions. The particxilars of the bin 
are displayed for the user on one of the system's CRTs. Fig. 5 illustrates 
the display of the bin. It corresponds directly to the Evertz FTL. The 
"Start" and "End" columns of the bin correspond to the VideoTape Time 
10 Code In and VideoTape Time Code Out columns of the FTL. The "KN 
Start" and End" columns of the bin correspond to the Keyin and 
Keyout columns of the FTL. During an editing session, the bin keeps 
trade of the editing changes in both the -video tLqae-base and the film 
footage-base, as described below. Thus, the bin provides the film editor 
15 "witii the fleadbilily of keeping track of edits in either of the metrics. 

Referring again to Fig. 1, when the electronic editing system 10 is 
provided with a -videotape at the start of a film editing session, the 
-videotape recorder 20 provides to the computer 18 the -video and audio 
signals corresponding to the bin. The video signal is first processed by a 
20 -«deo A/D coprocessor 26, such as the NuVista board made by True^^on 
of Indianapolis, Indiana. A suitable -video coprocessor includes a video 
frame grabber -which converts analog -video information into digital 
information. The video coprocessor has a memory which is configured 
using a coprocessor such as the TI34010 made by Texas Instruments, to 
25 provide an output data path to feed to the video compression circmtry, 
such as JPEG circuity, available as chip CL550B from C-Cube of 
Milpitas, California. Such a configmration can be performed using 
techniques known in the art. A timing circuit 28 controls the speed of 
the video signal as it is processed. 
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In operation, the video A/D 26 processes the video signal to 
reformat the sigiial so that the video represented by the signal 
corresponds to fihn speed, rather than videotape speed. The reformatted 
signal is then digitized, compressed, and stored in the computer for 
5 electronic film editing. This refoimatting process allows nsers to provide 
the editing system with standard videotapes, in NTSC format, yet allows 
the video to be edited as if it were film, i.e., running at fihn speed, as is 
preferred by most fihn editors. 

Referring ^Iso to lig. 6, in this reformatting process, the speed of 
10 the video from the -videotape is increased firpm 29.97 fps to 30 fps, as 

commanded by the timing drctiitry 28 (Fig. 1). Then the fields of the . 
video are scanned by the system, and based on the pulldown sequence 
and imUdown nipde specified for each scene by the bin, the redundant 
video fields added by the teledne process are noted, and then ignored, 

15 while the other, hbiixedundant, fields are digitized and compressed into 
digital fi^mes. More specifically, a so-called "capture mask" is created 
for the sequence of video fields; those fields which are redundant are 
assigned a capture value of "0" while all other fields are assigi^ed a 
capture value of "1". The system coprocessor reads the entire capture 
20 mask and only captures those analog video fields corresponding to a "1" 
capture value, ignoring all other fields. In this way, the original fihn 
frame sequence is reconstructed from the video frame sequence. Once aU 
the nonredundant fields are captured, the fields are batch digitized and 
compressed to produce digitized frames. 
25 Assuming the use of the 2-3 puUdown scheme, as discussed above, 

in the capture process, the first two analog video fields (AA in Fig. 6) 
would each be assigned a capture value of "1", and thus would be 
designated as the first digital firame; the next two analog video fields BB 
would also each be assigned a capture value of "l", and be designated as 
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the second digital frame; but the fifth analog Tideo field B, .which is 
redundant, would be assigned a capture value of "0", and would be 
ignored, and so on. Thus, this process renaoves the redundant 6 frames 
added by the telecine process for each film second from the video, 
5 thereby producing a digitized representation which corresponds directly 
to the 241^8 filTTi froin which the video was made. ISns process is 
possible for either the 2-3 or 3-2 pulldown scheme because the bin 
specifies the inforination necessary to dis ti n g uish between the two 
schemes, aiid the starting frame (i.e.. A, Bi or D) of either sequence is 
10 given f<ir eacii scene. 

Appexxdiz A of application consists of an example of assembly 
language code for the Macintosh™ computer, and the TI 34010 
coprodes^OT for perforx^ This code is 

copyrighted, and adl copyrights are reserved. 
15 Referring again to Fig. 1, an audio A/D 22 accepts audio from a 

videotape input to the editing system, and: like the video A/D 26, 
increases the audio speed back to 100%, based on the command of the 
HmiT^g circuitry 28. The audio is digitized and then processed by the 
audio processor 24, to provide digitized audio corresponding to the 
20 reformatted and digitized video. At the completion of this digitization 
process, the editing system has a complete digital representation of the 
source ^^rr^ in film format, i.e., 24 fps, and has created a bin with both 
filTTi footage and video timecode information corresponding to the digital 
representation, so that electronic editing in either timerbase or footage- 

25 base may begin. 

There are traditionally three difiierent types of film productions 
that shoot on ff^Tri, each type having different requirements of the 
electronic editii^ sirstem. The first fihri production type, commercials, 
typically involves shooting on 35 mm film, transferring the film to a 
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videotape version using the teledne process, editing the video based on 
the NTSC standard, and never editing the actual fihn footage, which is 
not again needed after the film is transferred to video. Thus, the 
electronic editing is here preferably based on video timecode 
5 specifications, not mm footage specifications, and an NTSC video is 

preferably produced at the end of the edit process. The electronic 
commercial edit should also preferably provide an edit decision list 
<EDL) that refers back toi the video; the edited version of this video is 
typically what is actuzSly played as the final conmiercial. 
10 The second production type, episodic fihn, involves shooting on 

either 35 or 16 mm fil"'. and produdng an NTSC videotape version and. 
additionally, an (optional) edited film version for distribution in markets 
such as HDTV (Hig^ Definition Television) or foreign countries. To 
produce the edited fihn footage for the fikn version, the fihn is 
15 transferred to videotape using the teleone process, and electronic editmg 
of the filrr. is here preferably accomplisiied based on film footage, and 
should produce a cuthst, based on film footage specifications, fix)m which 
the original fihn is cut and transferred to the NTSC format. To produce 
a video version, the videotape is then preferably edited based on video 
20 timecode specifications to produce an EDL for creating an edited video 
version. 

The third ^Itt. production type, feature film, typically involves 
shooting on 35 film, and produces a final fihn product; thus 
electronic editing is here preferably based on fihn footage specifications 
25 to produce a cutlist for creating a final film version. 

The user interface of the electronic editing system is designed to 
accommodate film editors concerned with any of the three film 
production types given above. As shown in Fig. 7, the video display CRT 
12 of the system, which includes the source video window 36 and edited 
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video window. 38, displays metrics 37, 39 for tracking the position of 
digital frames in a scene sequence currently being played in the soxure 
window or the edit window. These metrics may be in either film footage 
format or video time code format, whichever is preferred by the user. 
5 Thus, those fihn editors who prefer film footage notation may edit in 

that domain, while those film editors who prefer video timecode notation 
may edit in that domain. In either case, the digitized firames correspond 
exactly with the 24 fps speed of the original source film, rather than the 
29.97 ips speed of videotape, so that the electronic edits produced by the 
10 electronic editing corresiK>nd exactly with the film edits, as if the film 
were beixig edited on an old-style flat bed editor. 

As an example of an editing session, one scene could be selected 
from the bin and played on the source window 36 of the system CRT 
display 12. A film editor could designate frame points to be moved or 
15 cut in either timecode or film footage format. Correspondingly, audio 
points could be designated to be moved or the audio level increased (or 
decreased). When it is desired to preview a video version of such edits, 
an ITTSC video is created by the system based on the sync information 
in the electronic bin, from the system disc storage, to produce either a 
20 so-called rough cut video, or a final video version. In this process, the 
system generates an analog version of the digital video signal and 
restores the redxmdant video firames necessary for producing the NTSC 
video rate. The system also produces a corresponding analog audio track 
and decreases the audio speed so that the audio is synchronized with the 
25 video. In this way, the system essentially mimics the telecine process by 
slowing down the video and audio and producing a 29.97 fps videotape 
based on a 24 fps source. 

Referring again to Fig. 1, in creating an NTSC video from a 
digitized film version, the video compressor 30 retrieves the digitized 
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video frames from the computer 18 and based on the electromc bin 
information, designates video fields. The video A/D 26 then creates an 
analog v^bn of the video frames and processes the frames using a 
pulldbwn scheme like that illustrated in Fig. 2 to introduce redundant 
video fram^: The video speed is then controlled by the timing circuit 28 - 
to produce 29.97 ^s video as required for an NTSC videotape. 
Correspondingly, the system audio process 24 and audio A/D 22 
processes ihe digital audio signal based on the electronic bin to generate 
aix analbg version of the signal, and tiien slows the signal by 0.1% to 
synchronize audio -with the NTSC video. The final video and audio 
signals are sent to the videotape recorder 20, which records the signals . 
on a videotape. 

The electronic editing system may be programmed to produce an 
edit listing appropriate to the particular media on which the finalized 
15 versionoft^efibnsoxirce material is to appear. If the source film 
material is to be finalized as film, the system may be specified to 
produce a cut list. The cut list is a guide for conforming the film 
negative to the edited video copy of the fihn footage. It includes a pull 
list and an assemble list. The assemble list provides a list of cuts in the 
order in which they m^ist be spliced together on the film. The pull list 
provides a rcel-by-reel listing of each film cut. Each of these lists 
specifies the sync points for the cuts based on film footage and frame 
keycode, as if the film had been edited on a flatbed editor. If the source 
film material is to be finalized as video, the system may be specified to 
25 produce an edit decisidn list (EDL). The EDL specifies sync points in 
video time code, as opposed to fihn footage. The editing system 
generates the requested edit Usts based on the electronic bin; as the fihn 
is electronically edited, the bin reflects those edits and thus is a revised 
listing of sync points corresponding to the edited film version. Because 
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the bin is programmed to.^spec^^ film footage and 

video timecode, the editing- sg^te^ ac:cess to either format, and 

can thereby generate the requested EDL of Mseinble and ptdl lists. - 
Appendix B consists of examples of an EDL, asseimble Ests, and ptdl 
5 lists, all produced by the electronic editing system. Thus, at the end of 
an electronic ^Irn edit, the editing system provides a film editor with an 
NTSC videotape of the ^Ith edits and a edit list for either film or 
videotape. 

Other embodiments of the invention are within the scope of the 
10 claims. What is claimed is: 
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: The foUowlng programs are t^^e" sole ^prc^ 

•I and cdncain Its. proprietary, and Q^^^^ _ _ 

I ana CO . . r. ^Q^yy^gt^^. q 1989-1992 Avid- Technol ogyr- Inc. ^ O.. . • ^ . - 



I 

• Module Narae: 

• Module Description: 



mfm allocate. c 



iindude -=;f;d_allocateih- ^ 

n 1 nciude AvidGlofaals . h*» = 

* include "expanslonDef s.h" 

♦include "LinJcList.h" 

♦include "mfm-h" 

• include "diskjaac.h" 
I include -memrcns • h" 
♦include -Digitlze.h* 

# include "LogicalToPhyslcal , h" 
•include "channel. h" 

♦ include "ResourceBlble.h" 
♦include "cnv.h" 
♦include -uid.h* 
♦include -MacUtlls.h- 

♦ include " DebugOtll s . h " 

♦include -VolumeMenu.h* 

♦ include » JPEGUtils . h" 
♦include "Exception, h" 
•include "dlalogOtlls.h" 
♦include "FSutiis.h- 
tinclude "BaseErrorDef s.h* 
tinclude "autorequest .h* 

i include "RescurceDef s.h" 

I include "videoDef s.h" 



♦define 3REATHING_RO0M 200 

tdefine DXG^MODE 1 
iderine L06_M0D£ 2 

typedef struct 
{ 

MTMjCriwX 
short 
channel^t 
long 
long 
long 

) nifro_alloc_t. 
' njfni__aiioc_ptr* 
• -af si_al ioc_^^ ; 

/••••• SwSwic Variaoles 



/• K3 to leave for directory expansion •/ 



crux: 
vRef; 
channel; 
bycesPerSec; 
biccXsTcAiioc; 
slocjcSlze; 



sracic 
static 
static 
static 
static 
static 
static 
static 
static 

static 

static 



llStID 
•j_lcng 

float 

MTM CRUX 
MTMJCRUX 
snort 

Icnc 

Icnc 



alloc - NIL; 
ApproxfraneSlze -» 1! 
theCapMode - - 

theFtypc 
theCapRate 
theVcrux 
theAlcrux 
theA2crux 
theWref 
theAvref 
the SawpsPer Sec 
t heBy te sPe r Samp 
theTimeAvall 



C ! 
0 
0 
0 
0 

0, 

0; 
0: 



// When tMese are zero the cruxes are 



// 



Che tninisjuin of the wljnes availaoie 
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, // more likely to catch bugs inltlnc - 

Static capture jnaskj: theCapcureMasK » QL; 
static caDture_rnasic_t rheBesultMasic - OL; 
static u *char theCapShlf t - ec- 

static u>nar theResultShlft - 0; 

static channel t theChannels - 0; 

static auci6Cl^)c.t theAudloClocJc - Clock44100; 
static audloRatejc theAiKUoBate - halfBate; 
static Boolean theJtodloMlxed - FJ^; 

static Boolean useEmptlestVldeo - TRUE, 

ysetaotlestAudlb - ir\U£.; 

static void mf aAllocCalc (Boolean pref light); 

static void mfaAllocEndlvold); ^ : . 

static void mf aAUocPunt (void) ; 

static long TotalBytes (short theVref); 

--.atlc void cheekVolumeSettlngs (void) ; . 

s"rtl vlS^ilodifler.t getVldeoModlfier (shore IQuality. short .cQuallty) ; 

/•».« Public Code 



* mfaSetSettings 



Boolean „r.S«cS..t^s< l^^l-^.^^liJ^T^^T^^^^^^^ Boolean audio«lx«i. 

Short wref , short Avref , vldeoTypej: videc^type) 



Boolean 



needsBeimt; 



mfaForgetFlles (CXrr_ALL); 
needsRelnit - FALSE; 

ifCCics— .vaild(cic_<4ie:2l audlcBate — rullSate) 

auclcSate - naifRate; 
If (:CKsuniValld(c)c_48)chzn 

audioCiock - Clock44100; 

Ct*ieCaoMode — DIG MC»E £« (theChanr.eis !- caans II 
"* " * " theCaoRate S- capftace i I 

theAudloCloclc !- audloClock 1 1 
theAudloRate audioRate I I 
theAuclcMtxed •«= audlcKixec) > 

r.eedsRelnlt - TRUE; 



Set tne nfsi^ailocate statics 



theChanneis 

theCapRate 

i:-! e Au dl oC i oc X 

t^.eAudloRate 

theAudlcMlxed 

theVvref 

theAvref 



Chans; 

capRate; 

audioClock: 

audloRate; 
. audlcMixed; 
' wref ; 
• Avref ; 



use£ir.ctl6StVldeo - (theWref — SADJVTIEFNCM) ; 
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useEmptlestAudio » (theAvref = BADjniEFNUM) ; 
xorotect 

checKVolumeSetrlngs (); 

xexcepcion • -: . ' 

i . ' • -'^ ■ 

If (IxcodeEquals (MFAJX>_MEDIAJ)iaVES) ) 

xpropagareO; 

auto_requesnC"You will not be able dlgltlie until a valldXnmedla volume Is placed online.-, "OK", 1); 
> 

xenc; 
/* 

* SecuD video caprure mode Info 
•/ 

switch C <lnt) (thfiCapRate*10) ) 

case 240: 

If ( phase — 0) 

setVlnfo <FULLr OxDSOOOOOOL, 0, 24.0, Ox80000000L, 0); 
else If ( phase — 1) 

setVlnfo (FOLL, OxB8000000L, 0, 24.0, OxSOOOOOOOL, 0) ; 

else If < phase — 3) 

setVlnfo (FULL, 0x780000OOL, 1, 24.0, OxaOOOOOOOL, 0) ; 

else 

setVlnfo (FULL, OxEBOOOOOOL, 0, 24.0, OxaOOOOOOOL, 0) ; 

break; 
case 120: 

If ( Dhase — 0 I I Phase — 1) 

setVlnfo (FULL, Ox48000000L, 2, 12.0, OX40000000L, 1); 



else 

brea'x; 
case 60: 
case 3CC: 
case i5C: 
case 100: 
case 250: 
case 125: 
case 50: 
I 



setVlnfo (FULL, Ox28000000L, 2, 12.0, Ox40000000L, 1); 



// 1101 Ixxx 
// 1011 Ixxx 
// 0111 Ixxx 
// 1110 Ixxx 

// 0100 ixxx 
// 0010 Ixxx 



break; 
break; 
break; 



// 0000 Ixxx 
// Ixxx xxxx 
// Clxx xxxx 



setVlnfo (FULL, OxOBOOOOOOL, 4, 6.0, OxlOOOOOOOL, 3); 

s€tVl-fo (FULL, CxBCCCCOCOL, 0, 30.0, CxSCOCCCCOL, 0); 

serVinfo (TTJIZ.. Cx<CCCCCCCL, 1, 15.C, Cx^CCCCCCCL, 1); 

serVinfo irUlL, Ox20000000L, 2, 10.0, 0x2O000000L, 2); break; // OOix xxxx 

setVlnfo (FULL, OxBOOOOOOOL, 0, 25,0, OxeOOOOOOOL, 0); break; // Ixxx xxxx 

setVlnfo (FULL, Ox40000000L, 1, 12.5, Ox40000000L, 1); 



break; // Olxx xxxx 



setVlnfo (FULL, OxOBOOOOOOL, 4, 5.0, OxOSOOOOOOL, 4); break; // 0000 Ixxx 



r^leScl:rce Format - sot:rccFcrxat; 
theVlceororrnat - vldeoFormat; 
cheVldeoType.vcID • gVldeoType -vcID; 

iheVlceoType.vldeoModifler - video^type.vldecModlf ier; 
SetDlgitlzeCaptureMask (theCaptureMask, theCapShlf t) ; 



// Get It from 
// Get It from 
// Get it from 



, 4 ou* 
, 4 oir 
, 4 ou* 
, 4 cu' 

,2 ou- 

,2 ou 

,1 our 
,1 ou 
,1 c-j 
, 1 ou 
,1 ou 
, 1 cu 
, 1 ou 



global nc ! 
global no i 
global nc i 



5ettp audio capture node Info 

tneSanipsPerSec 
t.^eBvt e s?er S Air.D 



- ((atciloRate fullRate) ? (audloClockToClccXKate (audloCiock) } 
• (audloRate — f ulliUte ? 2 : 1 ) ; 



(audloClcckTcClccx. 



r.eedsRelnlt; 
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Addresses of hardware registers; 



dlvecc 


. sec 


uxrxixeowu 


dpycrop 


. sec 




mode 


• sec 




status 


•see 


Of8290000h 


vsblnk 


.sec 


ocoooooeoh 


vxotai 


.sec 


Oc0000070h 


dpyctl 


-sec 


OcOOOOOaOh 


dpystrc 


.sec 


OcOOOOOSOh 




.sec 


OcOOOOOaOh 


conrrol 


.sec 


OcOOOOObOh 




.sac 


cccccccrch 




.sec 


OcCCCOllCh 


m^pend 


•sec 


CcOCC012Ch 


convsp 


.sec 


Oc0000130h 


convdp 


.sec 


Oc0000140h 


pslze 


.sec 


OcOOOOlSOh 


pmask 


.sec 


OcOOOOKOh 


pmaskext 


.sec 


0c0000170h 



.•address of DPYIOT crap veccor 
; video mode regiscer 
;video scacus regiscer 

;gsp concroi regiscers: 



• Conscancs and masks: 



msginmsk 
msgoucnsk 
msgiAlsave 
msgindbg 
ssgir.c=s)c 
msginf2 
msgoucisave 
ascottcdbg 



• sec 
•set 
•sec 
•sec 
.sec 
•sec 

• sec 

• sec 



OOO^h 
0070h 
0002h 
0007h 

oooeh 

0003h 
0020h 
OOlOh 



fBScaucf2 


.sec 


ooaoh 


nsgoucinc 


• sec 


OOlOh 


incin 


•sec 


0008h 


incouc 


• sec 


OOSOh 


ccij&sx 


.sec 


80Uh 


dl 


.sec 


10 




.sec 


l«dl 




.S£C 


^«« 


nodnceri 


.sec 


i«ni 


ce Die 


,sec * 


SOOOh 


di"" 


.sec 


10 


special 


• sec . 


2000000h 


palLlnes 


.sec 


576 


r.-s=Lir.es 


.sec 


420 


rcwsase 


.sec 


O^BOOCCOCh 


^raps 


.sec 


OfffffcOOh 


::iacrcws 


.sec 


460 


vrcws 


.sec 


call-ines*B 


. rrsws 


.sec 


palIJr.es/2 




.sec 


p&lLifie5y2 


pmenirow 


.sec 


SOOOh 




.sec 


4 




.sec 


4000h 


— *- 


.sec 


14 


pixsize 


.sec 


16 




•sec 


64 



=^Jc;^Cc^.e 

caoPlay 

c=Pacx 

c ac O npack 

=XiShcrw 

CTiCT uil 

cacBicPack 
caoBlcunpacic 
CTwaPnpacKAod 
caidUnpackl 6 



.sec 
.sec 
• sec 
.sec 
.sec 
.sec 
.sec 
.sec 
.sec 
.sec 
.sec 



1 
2 
3 
4 
5 
6 
7 
8 
9 



; Fields in hscccll regiscer 



rlrxin field In hsccdl 



;Mas)c for Che CONTROL regiscer. 
;BiC number of Display Intcrrupc blc 
;-!:ispiay Ir.rerrupc* fcic of ir.cenb and incpend 
;SiC n'jsber cf Ken Incarlaced bic 
;The non-inceriaced hie 

;*Capc\ire Enable* blc of video mode regiscer 

;Bic number of Display Incerrupc bic 

; Off sec for special JPEG hardware fifo •memory space - 

; Number of lines in a frame 

;^^J=bc^ cf lines in a frasse 

;row cable main plccure scarclng address 

.-address of crap page 

;mac row cable encries 

; video rows in row cable (incl color cable « PAL) 



Maxissa * lines 



Ln a 



ield (pal is larger) 



, # of lines in a field 

:lengcb in bics of physical memory rows 

;Noc Vercical Blankeo — bic posicion in video scacus reg 

;oicsi: of MAC (16-sic pixel) lines (2 k3) 

;Sfci5rir.= a number by chls aulclplies by cplcch 

; Pixel size csnscanc for "psize" regiscer 

;Ncsber cf bics becween pixel -Ulcs* in oucpuc image 

;ur.oeflr.ed canmand code 

; normal mulcl-fraroe playbacic co alcemace screen buffer 
; lUNUSED in fullReslPack 256*192 image 

junpaOc scill frame co vcopy double buffer area (decompress) 

••unpack and show a scill frame in main screen buffer 

; full-screen playback on an NTSC monicor 

; pack a 640x480 image 

; unpack an image co 640*480 

; unpack and combine an image 

; unpack a 16 biC frame in 52 bic mode 

; pack a 16 bic frame in 32 bic mooe 
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vranBase 
frameBuf 
bigBuf 



• usecz "vectors • , 32 
.usecz "vectors*, 32 
. usecz •vectors " , 32 
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■ Routine to sync to an odd fleXd: 



syncodd: 




sX move 


' KStatp# Kceinp 


btst 


0 , Rteskp 


^znz 


SI 


=:cve 








3m2 


si 


s2 sove 




best 


OfRteniD 


3« 


s2 


move 


*Rstatp»Rcenip 


best 


O^RteoD 


5« 


s2 


rets 




* Sloutlne 


to sync to an ex 


synceven : 




S3 move 


*R5tatp,Rtemp 


btsz 


C , Rtenp 




s3 


zcve 


*Rstatp»Rte»p 


btst 


cttecxp 


^rx 


S3 


S4 move 


'RscatprRtemp 


best 


0,Rte»p 


jznz 


S4 


nove 


'RscatprRtemp 


best 


C»^e=p 




s4 


rets 





jg::cry 



HOK^: orleln - OfffOOOOOh* length - OceoOOh 
rSCr-T: crlrlr. * r^isrcctr^i, I.art7^ •IS 



vsctsrs: 




> 




srrs: 


•:) 


> 




.cata: 


*) 


> 


NOMAP 


.text: 


{) 


> 


KAPPE2 


: status: 


{) 


> 


JSTAT 
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.rlcle "VISTA image capture and compress" 



— - \ 

• I The following programs are the sole propercy of Avid Technology, Inc., r 

• I and concain its proprietary and confidential information. i 

• I Copyright © 1989-1991 Avid Technology, Inc. | 
. \- : / 

General register names: 

:Temp register 
; Constant Pixels per line 
; Pointer to current input pixel 

; Constant t of bits to increment Rpixel to next input pixel 
; Alternate Constant to Increser.t %:ixel to next input pixel 
: Constant Fitch of an input line in bits Csame value as Srtch) 
;Temp register for writing to pixel locations 
; Constant poinrer to JP£G fifo status 
; Counter of pixels in a line 
; Pointer to next input line 
; Constant pointer to video status 
; Pointer to a blaclc pixel 



r Source pixel array starting address 

; Source pitch <• of bits from one line to next) 

;Ease address of source pixel array 

; Pixel array dimensions (rows: columns) 

; Constant: lines per frame 

; Counter: lines per frame 

;Bit cask: frame slcipper 

;Bit nas)c: used to reinit Rcapture 



Rtemp 


•set 


AD 


Hpixcnt 


• set 


#VJ, 


Rpixel 


.set 


Ik ^ 


Roxlncl 


.set 


AJ 


.^lnc2 


• set 


A< 


Kline 


• set 


AS 


Rpixtmp 


• set 


A6 


R;}statp 


.set 


A7 


Hx 


.set 


AS 


Rnext 


•set 


A9 


Rscatp 


•set 


AlO 


Bblacic 


• set 


All 


Rtemp2 


.set 


A12 


va2 


.set 


A13 


IU4 


• set 


A14 


Saddr 


•set 


BO 


Sptch 


.set 


Bl 


Offset 


.set • 


hA 


Bxy 


.set 


B7 


Rlincnt 


•set 


B9 




.set 


BIO 


Rcapture .set 


Hll 


Rloadcap .set 


B12 


RB13 


.set 


B13 


RB14 


.set 


314 



• set 
.set 

.copy 



eocoh 

800Ch 



; Constant for "pmask" 
.-Constant for "Sotch" 



register oail alpha chan) 
register (4 )cBytes in bits) 



*eouates.l' 



^status .usect "jstatus",16 



• Azgs TO <- and FROM 



•args 

captsisic .usect *args' 
overrun .usect "args* 
fraires .usect "args< 
tdussyl .ssect "args' 
t==y2 .ssect -args' 
tx .usect "args' 

ry .usect "arcs' 

tstrldel .ssect "arcs 
t5tnce2 .usect "axes 
tdeiay .usect "aros 



;JP£G fifo status 

'> the NuVista processor: 

',32 ;<-inltlal capture nask 

,32 ;<-reload capture masK 

,32 ;->nnRber of overruns detected (Inited by Mac) 

,32 ;->number ef frames seen United by Mac) 

',32 ; "fence" arg in other ^code <- 

',32 /"fencerr" arg In other pcode -> 

',32 ;<-number of x Iocs to hit 

',32 ;<-number of y Iocs (lines) to hit 

',32 ;<-stnde in bits between input pixel Iocs 

',32 ;<-alt stride in bits between input pixel Iocs 

',32 ;<-amoxait of delay before capturing each line idefault - 1) 



.copy 



"caotureMacros . i" 



stac.K: 



4000h 



; Stack space (2)cB) for calls and interrupts 



.pace 
.text 
.align 



flag: 



.lone 



Dat: 



0 ; Debug: Current value of pixel fifo status 

3,3,0,0,0,0,0,0 ; Reserved for debug info 
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» Stare of main prograzn 

,def jnain 

-"^serf 16,0,0 ; Field zero is U-blc unsigned 

seS 32,0,1 .- Field one is 32-blt unsigned 

movi sraOcsp ; load scacX pointer 

ma^t spitclusptch ; Load contstant number of bits per line 

move Sptch,iaine 

movl pixaslcRteinp ; Init pixel masK 

sove Kteap, fipaasX 

^! Sl^^is^rSsScp ; .oac polncer co OPEG sca.us re,isc.r 
clr Rpixtmp ! Clear pixel cenp 



^1 siatus'.Rstatp ; load pointer to video status register 

Clear DONE and wait for GO: 

S.ehstetll ;clear msgout Ithe DO«E bit and interrupt bits) to host 

tbs' 

moirt> ehstctll.Rcen?. .-read host control register 

^ ^^gl^K.Rte.p .-masx ,3^^, 

S^SiS* ;set indicator to let host ,cnow we have started 

Get some host args into registers: ^ , ^ 

cove stx,Rpixcr.t.l .-number of stores in x 

Jty,Sincnt,l .-number of lines in frame 

etstri^lixincl,! ;number of bits between pixels 

5SSc2 1 ;alt number of bits between pixels 



For debug, write parameters bacX to memory: 

L^i oU^Rtemp .get addr of debug dump area 

neve apixcnt,*Rtemp+,l ;x 

move ety,*Rterap*,i ?y 

move Rpxincl.«RteiBp+,l ; stride 1 

^ 'isou^ pitch in bits (number of bits from one line to the nexO 

lOST b© a multiple of 32! 

divide line length <x) by 32 for unrolled ioc? 



;set the global capture enable bit Jbeglns dicltizing) 

load initial capture mask 
iood value to reinitialize capture aask 

; address of black fO-) 



slack: 

.long 0,0 

; align the following code with the I-cache 
skotooT -CO"*® " ^^^^ capturing a frame 



srl 


S,Stoixcr.t - 


callr 


syneodd «' 


aove 


9!Bode, Rtemp 


srl 


ce_bit. Rtemp : 


move 


ttcemp, €mooe 




einitcm, Rcapture . X ; 


scve 


acaptmsicRloadcaprl ; 


aovl 


black-special. Rblack 




frame 



callr synoeven 
caXlr synoodd 

• Atteaipt capoiring a frame: 
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frame: 

• Counr the frame CN.B. We muse count every frame seen, whether captured, or- sKlppeo) : 

move e frames, Rteiq> f 1 

addk ItRtenp ;ccunt 

move Rtemp,eframes,l 

* Decide whether this is a frame we wane, based on capture mask: 



l,Rcapture 

skpfram 

msKok 

Rioadcap, Rcapture 



;check next mask bit (it goes to C-blt) . _ - 

;s)ap this frame if C-bit is zero (last, active bit auaranteed to be 1) 
; check if need to reload mask bits: ye5->fall thru 
; reload the capture masic C32 bits) for next time 



sll 
^mc 

move 
mskok: 

• Prepare for "iines* loop: 

move evramBase,l^ixel,l 

subi soecial,RDixel,l 

movi capture-special, Bpixel starting address of video frame bufr (Special space) 

move I^ixel,Rnext ; remember address of first line 

move Rlincnt,Ily ;get number of lines in frame 

• Check video field (s/b ODD from compressing prev frame or from syncodd after hosths or skpf ram) . 

• (N.B. Assumes con^ression takes more than one field time (-l/60th second) , but less than a frame tine.) 

callr syncevcJc ;wait for start of even field (i.e. digitizing complete) 

• Add 8 lines of black to the top of the picture: 



movk 


8,Rcefflp2 


; eight groups of one line 


DxX 






move 


Rpixcnt, Rx 


; pixel s-per-line / 32 


Sll 


5-2, Rx 


;calc the loop count ( •32 ^ /4hits-p€r-locp) 


loop2b: 




;read JPEG pixel fifo status 


movb 


*R jstatp, Rtemp 


• sieve 


Rtemp, QFlag, 0 


^•••debu9*** 


])mn 


loop2b 


;wait until fifo ready (bit"? — 1) 


bl)aoop 




;each write causes auto xfer(s) to JPEG pixel 


move 


Rpixtmp, *Rblack, 0 


move 


Rpixts^, 'Rblack, 0 




move 


Rpixtmp, *Rblack, 0 




move 


Rsixtmo, 'Rblackr 0 




dsis 


Kx,blkioop 


;1 line of pixels 


ds^s 


Rtes72»blk 




• Send f raa 


le mterrtJpt to the Mac: 


move 


ehstctll; Rtemp 


;get hstctll value 


ori 


intout, Rtemp 


;set interrupt bit 


move 


Rtemp, ehstctll 


;send to host to Indicate frame start 


■ Start cf 


loop to process all 


lines of a frame: 


lines: 






add 


Rline,Rnext 


;calc addr of next line 


move 


Rpixcnt.Rx 


; (re) load x count (plxels-per-line / 32) 


* move 


etdelay , Rtemp2, 1 


:DEBOG 


«loap2d: 






dsis 


Rteap2,loop2d 


; DEBUG 


iecp2-: 






zcvb 


*R^statp, Ktemp 


;read J?EG pixel fifo status 


sove 


Rtemp, aFlag,0 


;***debug*** 


"mn 


loop2J 


;wait until fifo ready (bit"? — 1) 


loap2: 
move 






Rpixtmp, •ftpixel, 0 


;this write causes auto xfer(s) to JPEG pixel 


add 


I^xinci^Rpixel 


;now advance to next pixel 


90ve 


Rplxrmp, •ftplxci, 0 


;2 


add 


%9xinc2 • Rpixel 




move 


Rpixtmp, "Rpixel* 0 


;3 


add 


Rpxinci , Rpixel 




siove 


Rplxutp, •Rpixel, 0 


:A 


add 


Rpxlnc2 , Rplxe 1 




move 


Rpixtmp, 'Rpixel, 0 


* 5 
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add 

move 

add 

move 

add 

move 

add 

move 

add' ■ 

move 

add 

move 

add 

move 

add 



add 

move 

«|dd 

iDOve 

acki' 

move 

add 

move 

add 

move 

add 



ackl 

move 

add 



add 



add 

move 

add 

move 

a<kl 

move 

add 

move 

add 

move 

add 

move 

add 



add 

nave 

add 

acve 

add 



add 
ds3 

move 

cailr 
nruc 



Rpxlncl,Bplxel 
PplxunpV •RplxeX; 0 
Fpxinc2 , Bplxel 
Rpixumr •Rpixel^ 0 
toxinci^RpixeJl 
Rpixtinp, •Rptxei, 0 
l^xlnc2«Rplxel 
Jtolxtiro, "Rplxelv 0 
Bpxlnci , Rplxel • — » 
Rpixricp, •Rplxelv 0 
t^xlnc2«Ri>lxel 
Bplxrmpr 'Pplxel* 0 
toxind^S^lxel 
itolxoapr *Rpixel, 0 
%>xlnc2«Rplxel 
Itoixcmp/ >Rpixel r 0 
!toxlncl,Rpixel 
BplxcjBp, *RplxeX, 0 
RpxiJic2,Bplxel 
Rpixcmp/*!^lxelr 0 
RpxlhclfPpixel 
Rpixcmp, •I^lxei, 0 
Rpxlnc2,Rplxel 
Rplxrmp, ^Pplxel, 0 
Bpxlncl^Bplxel 
ppixu^r *Rplxel» 0 
Spxlnc2rRpixeI 
toixrmp^ *Rpixei> 0 
Spxlncl^Rplxel 
ttolxuBp, •I^ixel, 0 
Rpxinc2,RpixeX 
Bpixtjnp^ •Bpixel, 0 
I^xlncl^Rplxel 
vlplxcaspi *I^lxea« 0 
Rpxlnc2,.I^lxeX 
Rplxcnrp, •Rplxel, 0 
Rpxlncl , tolxel 
Rplxunp, •Rplxel, 0 
I^x±nc2 p Rpixel 
Spixcmp, •Rpixel, 0 
i^xlncX, Rpixel 
Itoixtmp, •Rpixel, 0 
Rpxinc2 « RplxeX 
Rpixtmp, •Rpixel r 0 
RpxlncX, Rpixel 
Rpixrmp, 'RpixeXr 0 
Rpxlnc2, RplxeX 
Pplxcmp, •RplxeX* O 
Rpxlnci^I^lxel 
Rplxmp, •RplxeX* 0 
!toxiAc2* RplxeX 
Rplxcop, •RplxeX* 0 
RpxlncX, Rpixel 
Rplxtflipr •RplxeX* 0 
RpxlAca, Rpixel 
fU,loop2 



;6 

;7 

;8 

;9 

;10 

;U 

;12 

;13 

;14 

;1S 

;16 

;17 

;18 

;19 

;20 

;2X 

;22 

;23 

:24 

;25 

;26 

;27 

;28 

;29 

;30 

;31 

;22 

loop Uiru Che Xlne 



lUiexc* RplxeX 
Ry, lines 

svncodd 



:load addr of nexr line to process 
;loop tor. next line 

; IX we're in odd fleXdr it tocic tec icng. 



-^e following routines sync the cooe to the incoming video fields, 
^te- s!^.c^the status ^reoister is non synchronized wi^h the 34010 instrriction 
ciocx, we must always check that we get the same reading twice in a row. 
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• Walt for start of next even field; cheOc to maXe sure field ■ Is 'already ODD at entry. 

• fif we enter here in an even field. It means an OVERRUN has occurred.) 
syncevck: 



sS 



s5ol 



s6 



move 


•RstatprRtemp 


btst 


OfRtemo 


3" 


s5el 


move 


• Rstatp, Rtemp ' 


btst 


O^Rtemp 


irz 


sSel 


move 


«R5tatp, Rtemp 


btst 


CRcemp 


Jmz 


s6 


move 


*Rstatp,Rte=p 


btst 


0, Rtemp 


^mz 


56 


rets 





if even/ go check -a r. second 'tin«; fair* thru if odd 
if even; go check, a second: time; fall thru if odd 
loop as long as it remains odd 



; mate sure we see it the same twice In a row 
;* normal -successful return at start of an even field 

here if we found an even value one time: ^ 
sSel move ♦Rstatp, Rtemp ; perform second test for even 

btst 0, Rtemp , ■. - , . ! ^ ... ^''^ 

^mr s5ol ; Jump back If second check Is okay <odd> 

• else, fall thru - . • 

• At this point we have an overrun (two evens in a row) , so count It ^ 

move 8overxun, Rtemp, 1 

1, Rtemp ; In the even field already... Increase overrun count 

Rremp, eoverrun, 1 

•Rstatp^Rten^ ; »»e know It Is even, so now we need to wait for odd 
0, Rtemp 
s7 

♦Rstatp, Rtemp 
0,RtenD 
s7 
s6 



addk 
move 

s7 move 
btst 

move 
btst 
3rz 
3rttc 



.end 
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TITLE: UNTITLEDOl 


rCM: NOT-OPOP 


FRAME 


001 050 


y 


C 


M2 050 




030.0 


002 050 


V 


Giro 


M2 050 




030.6 


003 050 


V 


C 


M2 050 




030.0 


004 050 


V 


c 


M2 050 




030.0 



TITLE: Ct^TLZDCa 



rCM: 


NCN-05C? 






CCl 


THEY C 


V 


c 


M2 


they"c 




030.0 


002 


THEY C 


V 


c 


M2 


THEY C 




030.0 


003 


THEY C 


V 


c 


M2 


they"c 




030.0 


004 


they"c 


V 


c 


M2 


they"c 




030.0 



04-lX:23:21 04:11:37:19 01:00:00:00 01:00:13:28 

04:11:23:21 .. .^o ; . 

04-03:14:26 04:03:20:01 01:00:13:28 01:00:19:03 
04:03:i4:26-- ' - ' \ 

04:11:37:19 04:11:55:29 01:00:19:03 01:00:37:13;: 
04:11:37:1? 

O4:O4:51%0l'6'4:64T5€:13^ 01:00:37:13 01:00:42:24 
04:04:51:01 



*C4':li:23l21 04:11:37:19' OlVOO:00:00 01:00:13:23 
04:11:23:21 

04:03:14:26 04:03:20:01 01:00:13:28 01:00:19:03 

04:03:i4:26- • ♦ • . ^r- . 
04:11:37:19 04:11:55:29 01:00:19:03 01:00:37:13. 

' 04 :11: 37 :19 ^ - ^ ^ 

04:04:51:01 04:04:56:13 01:00:37:13 01:00:42:24 
' 04:tf4:51:01 - 
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Avid Technology, Inc. 



Assemble list for edl file picture: 



S60[ 


xxxsw eo^c 


' last edge length: 




Camera Roll 




4. 7 .^^^ • - . 


FADE IN 


1+08 


1+08 


EFFECT 


\— 002 


enc ox opuxca i x uo 


scene end 


4+02 




Flat il 


003 


jW7o9o7b —13/0 +Ud 


-1372 +05 


2+01 




z xau V*. 


/•004 
1 

1 005 


Scene s'tasrt t.o 


start" of optical 2 


1+04 


0+XZ> 


Fxat vx 


OFTlCAZi Numoer 2 


DISSOLVE 


3+00 


XX^XO 




1 

\-006 


end of optical 2 to 


scene end 


7+05 




ixan fx 


007 


KJ789876 -1236 +02 


-1243 +09 


7+08 


2d+1Z 


xxat vx 


/-008 
1 

\-009 


Scene start to 


start of optical 3 


2+04 


O A-L*A A 

29+00 


rxau «x 


OPTXCAIt Number 3 


FADE OUT 


1+08 


A^AO 


EFFECT 


010 


I£AD£R —0000 +00 


-0089 +15 


90+00 


XxU+Uo 


I .r-A.f iHK 


/-Oil 
1 

\-012 


OPTXOVL Number 4 


FADE IN 


1+08 


T 'JO-i.AA 

xzz+uu 




end ox optical 4 to 


scene end 


1+08 


XilJixUO 


£ Xcl w vX 


013 


KE1Z3400 — DUOO +U3 


-5091 +10 


6+06 


1 90X1 A 
X^7^X4 






i\uf070/D — XJ272> t*U3 


X*iU27 TUO 


Xw~VM 




Flat #1 


015 


LEADER -0000 +00 


-0003 +14 


3+15 


144+01 


LEADER 


016 


KH123456 -5132 +02 


-5142 +04 


10+03 


154+04 


Flat #i 


017 


Kai23456 -5053 +15 


-5057 +11 


3+13 


158+01 


Flat 5l 


018 


KH123456 -5083 +00 


-5083 +13 


0+14 


158+15 


Flat #1 


019 


KJ789B76 -1244 +09 


-1248 +09 


4+01 


163+00 


Flat fl 


020 


KJ789876 -1453 +07 


-1464 +11 


11+05 


174+05 


Flat ^1 


/-021 


Scene start to 


start of optical 5 


6+02 


180+07 


Flat 41 


1 

\-022 


OPTICAL Number 5 


FADE OUT 


1+08 


181+15 


EFFECT 



Avid Technology, Inc. 
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Assemble Pull List (scene pull. In 
Tapename Segment Name 

NAB91CCMPILATI0NTAPE Flat #1. 
NAB91CaiPIIATIONTAPE Flat #1 
NABSICOMPILATIONTAPE Flat #1 
KAB91C0MPIIAriONXAPE .Flat #1 
NAB91CC3l©IIAripNTAPE Flat #1 
NAB91C0MPILAnONTAPE Flat #1 
NAB91C0MPIIATIONTAPE Flat #1 
.NAB91CXWPIIATIOOTME Flat #1 
NAB91C0MPIIATIONTAPE Flat #1 
NAB91C0MPIIAriONTAPE Flat #1 



assemble order) for ecil 
first edge 
KJ789876 -1441+15 
KJ789876 -1368 +13 
KK123456 -5019 +11 
KJ789876 -1327 +03 
KJ789876 -1234 +00 
KH123456 -5050 +05 
KJ789876 -1300 +01 
KH123456 -5083 +00 
KJ789876 -1393 +08 
KH123456 -5128 +02 



file picture: 

last edge length scene 



-1575 


+03 


133+05 


-1393 


+07 


24+11 


-5050 


+04 


30+10 


-1368 


+12 


41+10 


-1300 


+00 


66+01 


-5082 


+15 


32+11 


-1327 


+02 


27+02 


-5128 


+01 


45+02 


-1441 


+14 


48+07 


-5172 


+05 


44+04 



Avid Technology, Inc. 

Pull list for edl file picture: 



Seq 


first edge 


last edge roll 


Lab Roll 


004 


KH123456 


-5020 +11 


see OPTXCAI. 2 


Flat #1 


008* 


KH123456 


-5052 +06 


see OPTXCAI. 3 


Flat #1 


017* 


KH123456 


-5053 +15 


-5057 +11 


Flat #1 


018 


KE123456 


-5083 +00 


-5083 +13 


Flat *1 


013 


KH123456 


-5085 +05 


-5091 +10 


Flat #1 


016 


KH123456 


-5132 +02 


-5142 +04 


Flat #1 


007 


KJ789876 


-1236 +02 


-1243 +09 


Flat #1 


019 


KJ789e76 


-1244 +09 


-1248 +09 


Flat #1 


012 


KJ789876 


-1305 +03 


see OPTICAL 4 


Flat #1 


006 


KJ789876 


-1332 +01 


see OPTICAL 2 


. Flat #1 



length 


scene take 


1+04 


1 


2 


2+04 


2 




3+13 


2 




0+14 


3 


2 


6-^06 


3 


2 


10+03 


3a 


1 


7+08 


6 


1 


4+01 


6 


1 


1+08 


7 


1 


7+05 


1 


2 
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003 


KJ789876 -1370 +05 


-1372 +05 


Flat #1 


2+01 


9 


1 


014 


KJ789876 -1399 +05. . 


^1409+08 


Flat #1 


10+04 


- 9 


3 


021 


KJ78987€ -1412 +08 . - 


see pPTZCJa.. 5 


Flat #1 


6+02 


9 


3 


002 


KJ789876 -1447 +03 


see OPTICAL 1 


Flat #1 


4+02 


10 


5 


020 


KJ789i37€ -1453 +07 


— 1464 +11 


Fxat «x 








010 


LEADER -0000 +00 


-0089 +15 


35mm> LEADER 


90+00 






015 


I£ADER -0000 +00 


-0003 +14 


35inni LEADER 


3+15 






001 


OPTICAL Nuznber 1 


FADE IN 


EFFECT 


1+08 






005 


OPTJCAL Number 2 


DISSOLVE 


EFFECT 


3+00 






009* 


OPTXCAI. Number 3 


FADE .GOT 


EFFECT 


1+08^ 






Oil 


OPnC3\L Number 4 


FADE IN 


EFFECT 


1+08 






022 


OPTICAL Number 5 


FADE OUT 


EFFECT 


1+08 







Avid Technology, Inc. 

Scene Piill List for edl file picture: 



Tapename Lab 


Roll 




first 


edge 




la^ edge 


length scene 


NAB91COMPILATIONTAPE 


Flat 


#1 


KH123456 


-5019 


+11 


-5050 


+04 


30+10 


NAB91COMPILATIG9rrAPE 


Flat 


#1 


KH123456 


-5050 


+05 


-5082 


+15 


32+11 


NAB91CC»!PILATIONTAPE 


Flat 


«1 


KB123456 


-5083 


+00 


-5128 


+01 


45+02 


NAB91CCMPILATIONTAPE 


Flat 


41 


KH123456 


-5128 


+02 


-5172 


+05 


44+04 


NAB91Ca^ILATIONTAP£ 


Flat 


#1 


KJ789876 


-1234 


+00 


-1300 


+00 


66+01 


11AB91COMPILATIONTAPE 


Flat 


«1 


KJ789876 


-1300 


+01 


-1327 


+02 


27+02 


NAB91COMPILATIONTAPE 


Flat 


«1 


KJ789876 


-1327 


+03 


-1368 


+12 


41+10 


KAB91C0MPILATI0NTAPE 


Flat 


«1 


KJ789876 


-1368 


+13 


-1393 


+07 


24+11 


NAB91CGMPILAnONrAPE 


Flat 


#1 


KJ789876 


-1393 


+08 


-1441 


+14 


48+07 


NAB91CCMPIIATIONrAPE 


Flat 


#1 


KJ789876 


-1441 


+15 


-1575 


+03 


133+05 
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Avid Technology r Inc. 

Negative D\ipe list for edl file picture: 



Seq 



first edge dupe negative start 
last edge dupe negative end 



KH123456 -5052 +06 
KH123456 -5057 +11 



008 . KH1234S6 -5052 +06 

-5054 +09 
017 KH1234S6 -5053 +15 
-5057 +11 

009 OPTICAL Number 3 KH123456 -050.54 +10 

KH123456 -05056 +07 



scene 
take • 

2 
1 
2 
1 
2 
1 



roll 
Flat #1 
Flac $1 
Flat #1 



Avid Technology^ Inc. 

Optical effects list for EDL file picture: 

Type: Fade-In 
OUT: 



Niaa: 001 
Cut: 001 
Edl; 001 



Scene start: 
FADE Start: 
FADE center: 
FADE end: 
Scene end: 



Roll: BLACK 

Scene: 

Take: 

BLACK 
BLACK 
BLACK 
BLACK 



(5 effects) 
Length: 1+08 (24 frames) 
IN: 

Roll: Flat #1 
Scene: 10 
Take: 5 



KJ789876 -01445 +11 
KJ789876 -01446 +06 
KJ789876 -01447 +02 
KJ789876 -01451 +05 



Num: 002 
Cut: 005 
Edl: 004 



Scene start: 
DSLV sxrarr : 
DSLV cenrer: 
DSLV end: 
Scene end: 



Type: Dissolve 
OUT: 

Roll: Flat *1 
Scene : 1 
Take: 2 

KH123456 -05020 +11 
KH123456 -05021 +15 
KH123456 -05023 +06 
KH123456 -05024 +14 



Length: 3+00 (48 frames) 
IN: 

Roll: Flat #1 
Scene: 7 
Take: 2 



rCu789876 -01329 +01 
KJ789876 -01330 +08 
KJ789876 -01332 +00 
KJ789876 -01339 +05 
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Nisu: 003 
Cut: 009 
Edl: 007 



Scene start: 
FADE start: 
FADE center: 
FADE end: 
Scene end: 



Type: Fade-out 
OUT: 

Roll : Flat #1 
Scene: 2 
Take: 1 

KH123456 -05052 +06 
KH123456 -05054 +10 
KH123456 -05055 +08 
KE123456 -05056 +07 



Length: 

IN: 

Roll: 
Scene: 
Take: 



BLACK 
BLACK 
BLACK 
BLACK 



1+14 (30 frames) 



BLPlCK 
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CLAIMS 

1. Method for generating a digital representation of a video signal 
comprised of a sequence of video frames, each frame including two video 
fields of a duration such that the video plays at a first prespedfied rate 
of frames per second, a prespecified number of redundant video fields 

being included in the video frame sequence, comprising the steps of: 

identifying the redundant video fields in the video frame sequence; 
digitizing the video frame sequence excluding the identified 

redundant video fields; and 

compressing the digitized video frames to generate a digital 

representation ofthe video signal which plays at a second prespedfied 

rate of frames per second. 

2. The method of claim 1 further comprising the step of storing 
the digitized representation of the video signal on a digital storage 
apparatus. 

3. The method of claim 1 wherein the identifying step comprises 
assigning a capture mask value to each video field in ihe video frame 
sequence, the capture mask value of a field being a "O" if tiie field is 
redundant, and ti^e captiare mask value of a field being a "r for all other 
video fields. 

4. The method of claim 3 wherein tiae digitizing step comprises 
processing the capture mask values, and based on the capture mask 
value for eadi video field, digitizing only the nonredundant rideo fields. 

5. The method of claim 1 wherein the compressing step comprises 
compressing tiie digitized video frames based on JPEG video 
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compression. 

6. The method of claim 1 wherein the first prespedfied video play 
rate is 29.97 frames per second and the second prespecified digital video 
play rate is 24 frames; per second. 

7. The method of claim 6 further comprising the step of increasing 
the rate of the analbg video signal frt>m 29.97 frames per second to 30 
frames per second before the step of digitizing the video frame sequence. 

8. The method of claim 6 wherein the analog video signal is a 
video representation of film shot at 24 frames per second, and whereby 
the digital video play rate of 24 frames per second corresponds to the 24 
frames per second film shooting rate. 

9. The method of claim 8 wherein the analog video signal is a 
representation of film that is transferred to the video representation 
using a teledne apparatus. 

10. Apparatus for generating a digital representation of a video 
signal comprised of a sequence of video frames, each frame including two 
video fields, of a duration such that the video plays at a first prespecified 
rate of frames per second, a prespecified number of redundant video 
fields being included in the video frame sequence, comprising: 

a video processor for identifying the redundant video fields in the 
video frame sequence: 

an analog to digital converter for digitizing the video frame 
sequence excluding the identified redundant video frames; and 

a video compressor for compressing the digitized video frames to 
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generate a digital representation of the video signal which plays at a 
second prespecified rate of frames per second. 

11. The apparatus of claim 10 wherein the video processor 
comprises a processor which assigns a capture mask value to each video 
field in the video frame sequence based on whether or not that field is 
redtmdant. 

12. The apparatus of claim 11 wherein the analog to digital 
converter comprises a video frame grabber which processes the video 
frame sequence based on the capture mask values of the video fields to 
exclude the identified redundant video frameis so that only the 
nonredimdant video frames are digitized by the analog to digital 
converter. 

13. The apparatus of claim 10 wherein the video compressor 
compresses the video frames based on JPEG video compression. 

14. System for generating, from information in the form of fields 
occurring at a first prespecified rate and including redimdant fields, a 
digital representation of the information excluding the redundant fields, 
whereby digitized fields occur at a second prespecified rate, comprising: 

apparatus for identifying the redundant fields; and 
apparatus for digitizing the information excluding the identified 
redundant fields. 

15. Method for generating, from information in the form of fields 
occurring at a first prespecified rate and including redundant fields, a 
digital representation of the information excluding the redundant fields. 
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' ' whereby the digitized fields occur at a second prespeciiied'rate, 
comprising: 

identifying the redundant fields^ and 

digitizing the information excluding the identified redundant 

fields. 

16. Electronic editing system for digitally editing film shot at a 
first prespedfied rate and converted to an analog video representation at 
< a second prespedfied rate, comprising: 

analog to digital convertiiig: circuitry for accepting the analog video 
representation of the film, adjusting the rate of the analog video such 
that the rate corr^ponds to the fiz^st prespecified rate at which the film 
was shot, and digitizing the adjusted analog video to generate a 
corresponding digital representation of the film; 

digital storage apparatus for storing the digital representation of 
the film; and 

computing apparatus for processing the stored digital 
representation of the film to electronically edit the film and 
correspondingly edit the stored digital representation of the film. 

17. The system of claim 16 further comprising digital to analog 
converting circuitry for converting the edited digital representation of the 
film to an analog video representation of the film, adjusting the rate of 
the analog video fi-om the first prespecified rate to the second 
prespecified video rate, and outputting the adjusted analog video. 

18. The system of claim 16 wherein the analog video 
representation of the film accepted by the analog to digital converting 
circuity is an NTSC videotape. 
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19. The system of claim 16 whferein the apparatus for storing the 
digital representation of the film also stores a digitized. version of a film 
transfer log corresponding to the digital representation of the fibn 

20. The systan of claim 19 wherein the computing apparatus 
electronicany edits the digitized version of the film transfer log in 
response to the electronic editing of the film. 

21. The system of claim 16 farther comprising display apparatus 
for displaying the digitized version of the film as the fihn is electronically 
edited and displaying a metric for tracking the location of a segment of 
the fihn as the segment is displayed, the metric being based on either 
film f6ota:g€ code orr video time code. 

22. The system of claim 21 further comprisiiig apparatus for 
digitizing an audio soundtrack corresponding to the film, and wherein 
the computing apparatus processes a digitized representation of the 
soundtrack in correspondence with electronic editing of the film. 
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• * ^ • ' ELECTRONIC FILM EDITING SYSTEM USING 
BOTH FILM mD ^VIDEOTAPE FORMAT 

Background of the Invention 

This invention relates to techniques for electronically 
editing film. 

Film vided and iiudio source material is frequently edited 
digitally using a computer system, such as the Avid/1 Media 
Composer from Avid Technology, Incw of Tewksbury, 
Massachusetts, which generates a digital representation of a 
source film, allowing a film editor to edit, the digital 
version/ rather than the film source itself. This editing 
technique provides great precision and flexibility, in the 
editing process, and is thus gaining popularity over the old 
style of film editing using a flatbed editor. 

The Avid/1 Media Composer accepts a videotape version of 
a source film, created by transferring the film to videotape 
using the so-called telecine. process, and digitizes the 
videotape version for editing via manipulation by computer. 
The operation of the Media Composer is described more fully 
in copending application U.S. S.N. 07/866,829, filed April 10, 
1992, and entitled Improved Media Composer, The teachings of 
that application are incorporated herein by reference. 
Editing of the digitized film version is performed on the 
Media Composer computer using CRT monitors for displaying the 
digitized videotape, with the edit details being based on 
videotape timecode specifications. Once editing is complete, 
the Media Composer creates an edited videotape and a 
corresponding edit decision list (EDL) which documents the 
videotape timecode specification details of the edited 
videotape. The film editor uses this EDL to specify a cut 
and assemble list for editing the source film. While 
providing many advantages over the old style flatbed film 
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editing technique, this electronic editing technique is found 
to be cumbersome for some film editors who are unaccustomed 
to videotape timecode specifications. 

finmmar Y of th e Invention 

in general, in one aspect, the invention provides a 
system for generating a digital representation of a video 
signal comprised of a sequence of video frames which each 
include two video fields of a duration such that the video 
plays at a first prespecif ied rate of frames per second. The 
sequence of video frames includes a prespecif ied number. of 
redundant video fields. In the invention, redundant video 
fields in the video frame sequence are identified by a video 
processor, and the video frame sequence is digitized by an 
analog to digital converter, excluding the identified^ 
redundant video fields. The digitized video frames are then 
compressed by a video compressor to generate a digital 
representation of the video signal which plays at a second 
prespecif ied rate of frames per second. 

in preferred embodiments, the invention further provides 
for storing the digitized representation of the video signal 
on a digital storage apparatus. The redundant video fields 
are identified by assigning a capture mask value to each 
video field in the video frame sequence, the capture mask 
value of a field being a "0" if the field is redundant, and 
the capture mask value of a field being a "l" for all other 
video fields. A video frame grabber processes the video 
frame sequence based on the capture mask values to exclude . 
the identified redundant video frames from being digitized. 
The video compressor compresses the video frames based on 
JPEG video compression. 

In other preferred embodiments, the first prespecif ied 
video play rate is 29.97 frames per second and the second 
prespecif ied digital video play rate is 24 frames per 
second. The rate of the analog video signal is increased 
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from 29.97 frames per second to 30 frames per second before , 
the step of digitizing the video frame sequence. In further 
preferred endDodiments, - the analog video signal is a video 
representation of film shot at 24 frames per second, and the 
digital video play rate of. 24 frames per second corresponds 
to the 24 frames per second film shooting rate. The analog 
video signal is a representation of film that is transferred 
to the video representation using a telecine apparatus. 

In general, in another aspect, the invention provides an 
electronic editing system for digitally editing film shot at 
a first prespecified rate and converted to an analog video 
representation at a second prespecified rate. The editing 
system includes analog to digital converting circuitry for 
accepting the analog video representation of the film, 
adjusting the rate of the analog video such that the rate 
corresponds to the first prespecif ifed rate at vhich the film 
was shot, and digitizing the adjusted analog video to 
generate a corresponding digital representation of the film. 
Further included is a digital storage apparatus for storing 
the digital representation of the film, and computing 
apparatus for processing the stored digital representation of 
the film to electronically edit the film and correspondingly 
edit the stored digital representation of the film. 

In preferred embodiments, the system further includes 
digital to analog converting circuitry for converting the 
edited digital representation of the film to an analog video 
representation of the film, adjusting the rate of the analog 
video from the first prespecified rate to the second 
prespecified video rate, and outputting the adjusted analog 
video. Preferably, the analog video representation of the 
film accepted by the analog to digital converting circuitry 
is an NTSC videotape.. The' apparatus for storing the digital 
representation of the film also stores a digitized version of 
a film transfer log corresponding to the digital 
representation of the film. The system includes display 
apparatus for displaying the digitized version of the film as 
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the film is electronically edited and displaying a metric for 
tracking the location of a segment of the . film. as. the segment 
is displayed, the metric being based on either film footage 
code or video time code, as specified by the system user. 

The electronic editing system of the invention allows 
users to provide the system with film formatted on standard 
videotapes, NTSC tapes, for example, and yet allows the video 
to be digitally edited as if it were film, . i.e., running at " 
film speed, as is prief erred by most film editors. By 
reformatting the analog video as it is digitized, the system 
provides the ability to electronically edit film based on the 
same metric used in conventional film editing. 

Brief Description of the Drawings 
Fig. 1 is a schematic diagram of the electronic editing 

system of the invention. 

Fig. 2 is a diagram of the telecine film-tape transfer 

pulldown scheme. 

Fig. 3 is a schematic diagram of the telecine film-tape 

transfer system. 

Fig. 4 is an Evertz Film Transfer Log produced by the 
telecine transfer system and processed by the editing system 

of the invention. 

Fig. 5 is an illustration of a video screen showing the 
electronic bin generated by the editing system of the 
invention. 

Fig. 6 is a diagram of the scheme employed by the editing 
system in digitizing a video input to the system. 

Fig. 7 is an illustration of a video screen showing the 
digitized video to be edited on the electronic editing system 
of the invention. 
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Description of the Preferred Embodiment 

Referring to Fig. there is shown the electronic 
editing system of the invention 10^ including two CRT 
displays 12/ 14 for displaying digitized film during an 
editing session, and an audio output, device 16, for example, 
a pair of sneakers, for playing digitized audio during an 
editing session. The displays 12, 14 and audio ^output 16 are 
all controlled by a computer. 18. Preferably, the computer is 
a Macintosh^ HqJ' ^^fx' Q^^^ra 900, or Quadra 950 all 
of which are available from Apple Computer, Inc., of 
Cupertino, California. The system includes a video tape 
recorder (VTR) 20 for accepting an electronic version of film 
footage, which is preprocessed and digitized by a video 
analog to digital converter (A/D) 26. A timing circuit 28 
controls the speed of the video being digitized, as described 
below. A video compressor 30 is connected to the video A/D 
for compressing the electronic image data to be manipulated 
by the computer 18. An audio A/D 22 and audio processor 24 
process audio information from th6 electronic version of film 
footage in parallel with the video processing. Disc storage 
32 communicates with the computer to provide memory storage 
for digitized electronic image data. This disc storage may 
be optical, magnetic, or some other suitable media. The 
editing system is user-interfaced via a keyboard 34, or some 
other suitable user control interface. 

In operation, video and audio source material from a film 
which has been transferred to a videotape is received by the 
system via the video tape recorder 20, and is preprocessed 
and digitized by the audio A/D 22, audio processor 24, video 
A/D 26, and video compressor 30, before being stored in the 
disc storage 32. The computer is programmed to display the 
digitized source video on a first of the CTRs 12 and play the 
accompanying digitized source audio on the audio output 16. 
Typically source material is displayed in one window 36 of 
the first CRT 12 and edited material is displayed in a second 
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window 38 or that CRT. Control functions, edit update 
information, and commands input from the keyboard 32 are 
typically displayed on the second system CRT 14. 

once a film is input to the system, a film editor may 
electronically edit the film using the keyboard to make edit 
decision commands. As will be explained in detail below, the 
electronic editing system provides the film- editor with great 
flexibility, in that the video displayed on the system CRT 12 
may be measured and controlled in either the domain of film 
footage or the domain of videotape timp code. This 
flexibility provides many advantages over prior electronic 
editing systems. At the- end of an editing session, the 
electronic editing system provides the film editor with an 
edited videotape and both tape and film edit command lists 
for effecting the edits from the session on film or videotape. 

As explained above, the electronic editing system 10.. 
requires a videotape version of a film for electronic . 
manipulation of that film. Such a tape is preferably 
generated by a standard film-tape transfer process, the. 
telecine process, which preferably uses the Time Logic 
controller-" tekecube (TLC) , a device that converts film 
into a video signal, then records the signal on videotape. A 
TLC controls the film-tape transfer more precisely than 
nbri-TLC systems. In addition, it outputs a report, described 
below, that includes video format specifications, i.e., 
timecode, edge number, audio timecode, scene, and take for 
each reference frame in each tape, thereby eliminating the 
need to search through the video or film footage manually to 
find the data required for creating a log of video playing 
particulars. Other telecine systems may be used, however, 
depending on particular applications. 

Transfer from film to tape is complicated by the fact 
that film and video play at different rates—film play is at 
24 frames per second (fps), whereas PAL video plays at 25 fps 
and NTSC (National Television Standards Committee) video 
plays at 29.97 fps. If the film is shot at the standard rate 
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of 24 fps and then transferred to 29.97 fps NTSC video, the 
difference between the film and video play rates is large 
(and typically iinacceptable) . As a result, the film speed 
must be adjusted to accommodate the fractional tape speed, 
and some film frames must be duplicated during the transfer 
so that both versions have the same, duration. However, if 
the film is shot at 29.97 fps, then transferring the footage 
to NTSC video is simple. Each film frame, is then transferred 
directly to a video frame, as there are the same number of 
film and video frames per second. 

Considering the most common case, in which 24 fps film is 
to be transferred to 29.97 fps NTSC videotape, the telecine 
process must provide both a scheme for slowing the film and a 
frame duplication scheme. The film is slowed by the telecine 
apparatus by 0.1% of the normal film speed, to 23.976 fps, so 
that when the transfer is made, the tape runs at 29.97 fps, 
rather than 30 fps. To illustrate the frame duplication 
scheme, in the simplest case, and disregarding the film slow- 
down recjuirement , one second of film would include 24 frames 
of film footage, but the corresponding one second of video 
would require 30 frames of footage. To accommodate this 
discrepancy, the telecine process duplicates one film frame 
out of every four as the film is transferred to tape, so that 
for each second of film footage, the corresponding second of 
tape includes six extra frames. 

Each video frame generated by the telecine process is 
actually a composite of two video fields: an odd field, 
which is a scan of the odd lines on a video screen, and an 
even field, which is a scan of the even lines. A video field 
consists of 262 1/2 scan lines, or passes of an electron beam 
across a video screen. To create a full video frame 
comprised of 525 scan lines, an odd field, or scan of the odd 
lines, is followed by an even field, or scan of the even 
lines. Thus, when a duplicate video frame is generated and 
added in the telecine process, duplicate video fields are 
actually created. During the play of the resulting tape, 
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each two video fields are interlaced to make a single frame 
by scanning of the odd lines (field one) followed by scanning 
of the even lines (field two) to create a comjplete frame of 
NTSC video . 

There are two possible systems for creating duplicate 
video fields in the telecine process, those systems being 
known as 2-3 pulldown and 3-2 pulldown. The result of the 
2-3 pulldown process is schematically illustrated in Fig. 2. 
In a film-tape transfer using 2-3 pulldown, the first film 
frame (A in Fig. 2) is transferred to 2 video fields AA of 
the first video frame; the next film frame B is transferred 
to 3 video fields BBB, or one and one half video frames, film 
frame C is transferred to two video fields CC, and so on. 
This 2-3 pulldown sequence is also referred to as a SMPTE-A 
transfer. In a 3-2 pulldown transfer process, this sequence 
of duplication is reversed; the first film frame A would be 
mapped to 3 video fields the next film frame B would be 
mapped to 2 video fields, and so on. This 3-2 pulldown 
sequence is also referred to as a SMPTE-B transfer. In 
either case, 4 frames of film are converted into 10 video 
fields, or 5 frames of video footage. When a 2-3 pulldown 
sequence is used, an A, B, C, D sequence in the original film 
footage creates an AA, BB, BC, CD. DD sequence of fields in 
the video footage, as shown in Fig. 2. The telecine process 
slows down the film before the frame transfer and duplication 
process, so that the generated video frames run at 29.97 fps. 

Referring to Fig. 3. as discussed above, the telecine 36 
produces a video signal from the film; the video is generated 
to run at 29.97 fps and includes redundant film frames from 
the pulldown scheme. NAGRA"* audio timecode is the typical 
and preferable system used with films for tracking the film 
to its corresponding audiotape. During the telecine process, 
a corresponding audio track 38 is generated based on the 
NAGRA'" and slowed down by 0.1% so that it is synchronized 
to the slowed film speed. The sound from the film audiotrack 
is provided at 60 Hz; a timing reference 40 at 59.94 Hz slows 
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the audio down as reijuired. Thus, the telecine process 
provides/ for recordation on a videotape^ 48 via a, videotape 
recorder 20/ a video signal (V in the figure), corresponding 
audio tracks, A^^-A^, and the audio timecode (audio TC) . 

• . A further film-tape correspondence is generated by the 
telecine process. This is required because, in addition to 
the difference between film and video play rates, the two 
media employ different systems for measuring and locating 
footage. Film is measures in feet and frames. Specific 
footage is located using edge numbers, also called edge code 
or latent edge numbers, which are burned into the film. For 
example, Kodak film provides Keykode"* on the film to track 
footage. The numbers appear once every 16 frames, or once 
every half foot, on 16rom film. Note that 35 mm film has 16 . 
frames per foot, while 16 mm film has 40 frames per, foot. 
Each edge number includes a code for .the film manufacture and 
the film type, the reel, and a footage counter. Frames 
between marked edge numbers are identified using edge code 
nxambers and frame offsets- The frame offset represents the 
frame's distance from the preceding edge niamber. 

Videotape footage is tracked and measured. using a 
time-base system. Time code is applied to the videotape and 
is read by a time code reader. The time code itself is 
represented using an 8-digit format: 

XX:XX:XX:XX — hours : minutes : seconds : frcimes . For example, a 
frame occurring at 11 minutes, 27 seconds, and 19 frames into 
the tape would be represented as 00:11:27:19. 

It is preferable that during the telecine conversion, a 
log, called a Film Transfer Log'-, is created that makes a 
correspondence between the film length-base and the video 
time-base. The FTL documents the relationship between one 
videotape and the raw film footage used to create that tape, 
using so-called sync points. A sync point is a distinctive 
frame located at the beginning of a section of film, say, a 
clip, or scene, which has been transferred to a tape. The 
following information documents a sync point: edge number of 
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the sync point in the film footage, time code of the same 
frame in the video footage, the type of pulldown sequence 
used in the transfer, i.e., 2-3 pulldown br 3-2 pulldown, and 
the pulldown mode of the video frame, i.e., which of the A, 
B. C and D frames in each film five-frame series corresponds 
to the syiic point frame. 

AS shown in Fig. 3, and Evertz 4015 processor accepts the 
video signal from the telecine and the audio TC corresponding 
to the audiotrack and produces a timecode based on a 
synchronization of the audio and video. Then an Evertz PC 44 
produces an Evertz FTL 46 which includes the sync point 
information defined above. 

Fig. 4 illustrates a typical Evertz FTL 46. Each column 
of the log, specified with a unique Record # corresponds to 
one clip, or scene on the video. Of particular importance in 
this log is the VideoTape Time Code In (VTTC. IN) . column 50 
and VideoTape Time Code Out (VTTC OUT) column 52. For each 
scene, these columns note the video time code of the scene 
start and finish. In a corresponding manner, the Keyin 
column 54 and Keyout column 56 note the same points in film 
footage and frames. The Pullin column 58 and Pullout column 
60 specify which of the A, B, C, or D frames in the pulldown 
sequence correspond to the frame at the start of the scene 
and the close of the scene. Thus, the FTL gives scene sync 
information that corresponds to both the video domain and the 
film domain. 

The electronic editing system of the invention accepts a 
videotape produced by the telecine process and an Evertz FTL, 
stored on, for example, a floppy disk. When the FTL data on 
the disk is entered into the system, the system creates a 
corresponding bin in memory, stored on the system disc, in 
analogy to a film bin, in which film clips are stored for 
editing. The electronic bin contains all fields necessary 
for film editing, all comments, and all descriptions. The 
particulars of the bin are displayed for the user on one of 
the system's CRTs. Fig. 5 illustrates the display of the 
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bin. It corresponds directly to the Evert z FTL. The "Start" 
and "End" coliamns of the bin correspond to. the VidepTape Time 
Code In and VideoTape Time. Code Out, columns of the FTL. The 
"KN Start" and "KN End" columns of the bin correspond to the 
Keyin and Keyout columns of the FTL. During an editing 
session, the bin keeps track of the editing changes in both 
the video time-base and the film foptage-base, as described 
below. Thus, the bin provides the film editor with the 
flexibility of keeping track of edits in either of the 
metrics. 

Referring again to Fig. 1, when the electronic editing 
system 10 is provided with a videotape at the start of a film 
editing session, the videotape recorder 20 provides to the 
computer 18 the video and audio signals corresponding to the 
bin. The video signal is first processed by a video A/D 
coprocessor 26, such as the NuVista board made by Truevision 
of Indianapolis, Indiana. A suitable video coprocessor 
includes a video frame grabber which converts analog video 
information into digital information- The video coprocessor 
has a memory which configured using a coprocessor such as the 
T134010 made by Texas Instruments, to provide an output data 
path to feed to the video compression circuitry, such as JPEG 
circuitry, available as chip CL550B from C-Cube of Wilpita, 
California. Such a configuration cein be performed using 
techniques known in the art. A timing circuit 28 controls 
the speed of the video signal as it is processed. 

In operation, the video A/D 26 processes the video signal 
to reformat the signal so that the video represented by the 
signal corresponds to film speed, rather than videotape 
speed. The reformatted signal is then digitized, compressed, 
and stored in the computer for electronic film editing. This 
reformatting process allow users to provide the editing 
system with standard videotapes, in NTSC format, yet allows 
the video to be edited as if it were film, i.e., running at 
film speed, as is preferred by most film editors. 
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Ref erring also to Fig. 6, in this reformatting process, 
the speed of the video from the videotape is increased from 
29.97 fps to 30 fps, as commanded by the, timing circuitry 28 
(Fig. 1). Then the fields of the video are scanned by the 
system, and based on the pulldovm sequence and.pulldovm mode 
specified for eSch scene by the bin . the redundant video 
fields added by the telecine process are noted, and ten 
ignored, while the other , nonredund ant , fields are digitized - 
and compressed into digital frames. More specifically, a 
so-called "capture mask" is created for the sequence of video 
fields; those fields vhich are redundant are. assigned a 
capture value of "0" wile all other fields, are assigned a 
capture value of "1". The system coprocessor reads the 
entire capture mask and only captures those analog video 
fields corresponding to a "l" capture value, ignoring all 
other fields. In this way, the original film frame sequence 
is reconstructed from the video frame sequence. Once all the 
nonredundant fields are captured, the fields are batch 
digitized and compressed to produce digitized frames, 

Assuming the use of the 2-3 pulldown scheme, as discussed 
above, in he capture process, the first two analog video 
fields (AA in Fig. 6) would each be assigned a capture value 
of "1", and thus would be designated as the first digital 
frame; the next two analog video fields BB would also each be 
assigned a capture value of "l", and be designated as the 
second digital frame; but the fifth analog video field B. 
which is redundant, would be assigned a capture value of "0", 
and would be ignored, and so on. Thus, this process removes 
the redundant 6 frames added by the telecine process for each 
film second from the video, thereby producing a digitized 
representation which corresponds directly to the 24 fps film 
from which the video was made. This process is possible for 
either the 2-3 or 3-2 pulldown scheme because the bin 
specifies the information necessary to distinguish between 
the two schemes, and the starting frame (i.e. A, B, C, or D) 
of either sequence is given for each scene. 
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Appendix A of this application consists of an. example of 
assembly language code for the Maclntpsh^^ computer and TI 
34010 (Coprocessor for performing the reformatting process. , 
This code is copyrighted, and all copyrights are reserved. 

Referring again to Figv 1, an A/D 22 accepts audio from 
videotape input to the editing system, and like, the video A/D 
26, increases the audio speed back to 100%,. based on the 
command of the timing circuitry 28. The audio is digitized 
and then processed by the audio processor 24, to provide 
digitized audio corresponding to the reformatted and 
digitized video. At the completion of this digitization 
process, the editing system has a complete digital 
representation of the source film in film format, i.e., 24 
fps, and has created a bin with both film footage and video 
timecode information corresponding to the digital 
representation, so that electronic editing in either 
time-bas-^ or footage base may begin. 

There are traditionally three different types of film 
productions that shoot on film, each type having different 
requirements of the electronic editing system. The first 
film production type, commercials, typically involves 
shooting on 35 mm film, transferring the film to a videotape 
version using the telecine process, editing the video based 
on the NTSC standard, and never editing the actual film 
footage, which is not again needed after the film. is 
transferred to video. Thus, the electronic editing is here 
preferably based on video timecode specifications, not film 
footage specifications, and an NTSC video is preferably 
produced at the end of the edit process. The electronic 
commercial edit should also preferably provide an edit 
decision list (EDL) that refers back to the video; the edited 
version of this video is typically what is actually played as 
the final commercial. 

The second production type, episodic film, involves 
shooting on either 35 or 16 mm film, and producing an NTSC 
videotape version and additionally, an (optional) edited film 
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version for distribution in markets such as HDTV (High 
Definition Television) or foreign countries. To produce the 
edited film footage for the film. version, the film is 
transferred to videotape using the telecine process, and 
electronib editing of the film is here preferably 
accomplished based oh film footage, and should produce a 
cut list, based on film footage specifications, from which the 
original film is cut and transferred to the NTSC format. To 
produce a video version, the videotape is then preferably 
edited based on video timecode specifications to. produce an 
EDL for creating an edited video version. 

The third film production type, feature film, typically 
involves shootimg on 35 mm film, and produces a final, film 
product; thus electronic editing ishere preferably based on 
film footage specifications to produce a cutlist for creating 

a final film version. 

The user interface of the electronic editing .system is 
designed to accommodate film editors concerned with any of 
the three film production types given above. As shown in 
Fig. 7, the video display CRT 12 of the system, which 
includes the source video window 36 and edited video window 
38. displays metrics 37, 39 for tracking the position of the 
digital frames in a scene sequence currently being played in 
the source window or the edit window. These metrics may be 
in either film footage format or video time code format, 
whichever is preferred by the user. Thus, those film editors 
who prefer film footage notation may edit in that domain, 
while those film editors who prefer video timecode notation 
may edit in that domain. In either case, the digitized 
frames correspond exactly with the 24 fps speed of the 
original source film, rather than the 29.97 fps speed of 
videotape, so that the electronic edits produced by the 
electronic editing correspond exactly with the film edits, as 
if the film were being edited on an old-style flat bed 
editor . 
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As an example of editing session, one scene could be 
selected from- the bin and played on. the source window 36 of * 
the system CRT display 12. A film editor could* designate 
frame points to be moved or cut in either . timecode . or film 
footage format. Correspondingly, audio points could be 
designated to be moved or the audio level increased (or 
decreased) . When it is desired to preview a video version of 
such edits, an NTSC video is created by the system based on" 
the sync information in the electronic bin, from the system 
disc storage, to produce either a so-called rough cut video, 
or a final video version. In this process, the system 
generates an analog version of the digital video signal and 
restores the redundant video frames necessary for producing 
the NTSC video rate. The system also produced a 
corresponding analog audio tract and decreases the audio 
speed so that the audio is synchronized with the video. In 
this way, the system essentially mimics the telecine process 
by slowing down the video and the audio and producing a 29.97 
fps videotape vased on a 24 fps source. 

Referring again to Fig. l, in creating an NTSC video from 
a digitized film version, the video compressor 30 retrieves 
the digitized video frames from the computer 18 and based on 
the electronic bin information, designates video fields. The 
video A/D 26 then creates an analog version of the video 
frames and processes the frames using a pulldown scheme like 
that illustrated in Fig. 2 to introduce redundant video 
frames. The video speed is then controlled by the timing 
circuit 28 to produce 29.97 fps video as required for an NTSC 
videotape. Correspondingly, the system audio process 24 and 
audio A/D 22 processes the digital audio signal based on the 
electronic bin to generate an analog version of the signal, 
and then slows the signal by 0.1% to synchronize the audio 
with the NTSC video.. The final video and audio signals are 
sent to the videotape recorder 20, which records the signals 
on a videotape. 



SUBSTITUTE SHEET, 

BNSOOCIO: <WO ^e401971A2JA> 



WOSM/01971 



PCr/US93/06299 



-16- 



The electronic editing system may be programmed to 
produce an edit listing appropriate to. the particular media 
on which the finalized version of the film source material is 
to appear. If the source film material to be finalized as 
film, the system may be specified to produce a cut list. The 
cut list is a guide for conforming the film negative to the 
edited video copy of the film footage, it includes a pull 
list and an assemble list. The assemble list provides a list 
of cuts in the order in which they must be spliced together 
on the film. The pull list provides a reel-by-reel listing 
of each film cut. Each of these list provides a reel-by-reel 
listing of each film cut. Each of these lists specifies the 
sync points for the cuts based on film footage and frame 
keycode, as if the film has been editied on. a flatbed 
editor. If the source film material is to be finalized as 
video, the system may be specified to produce an edit 
decision list (EDL) . The EDL specifies sync points in video 
time code, as opposed to film footage. The editing system 
generates the requested edit lists based on the electronic 
bin; as the film is electronically edited, the bin reflects 
those edits and thus is a revised listing of sync points 
corresponding to the edited film version. Because the bin is 
prograJnmed to specify sync points in both film footage and 
video timecode, the editing system has direct access to 
either format, and can thereby generate the requested EDL or 
assemble and pull lists. Appendix B consists of examples of 
an EDL. assemble lists, and pull lists, all produced by the 
electronic editing system. Thus, at the end of an electronic 
film edit, the editing system provides a film editor with an 
NTSC videotape of the film edits and a edit list for either 
film or videotape. 

Other embodiments of the invention are within the scope 
of the claims. What is claimed is: 
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CLAIMS 



1 Method for generating a digital representation of a 
video signal comprised of a sequence of video frames, each 
frame including two video fields of a duration such that the 
video plays at a first prespecified rate of frames per 
second, a prespecified number of redundant video fields being 
included in the video frame sequence, comprising the steps of: 

identifying the redundant video fields in the video frame 
sequence; 

digitizing the video frame sequence excluding the 
identified redundant video fields and 

compressing the digitized video frames to generate a 
digital representation of the video signal which plays at a 
■second prespecified rate of frames per second. 

2 The method of claim 1 further comprising the step of 
storing the digitized representation of the video signal on a 
digital storage apparatus. 

3 The method of claim l wherein the identifying step 
comprises assigning a capture mask value to each video field 
in the video frame sequence, the capture mask value of a 
field being a "O" if the field is redundant, and the capture 
mask value of a field being a "I" for all other video fields. 

4 The method of claim 3 wherein the digitizing step 
comprises processing the capture mask values, and based on 
the capture mask value for each video field, digitizing only 
the nonredundant video fields. 

5 The method of claim l wherein the compressing step 
comprises compressing the digitized video frames based on the 
JPEG video compression. 
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6. The method of claim i wherein the first prespecified 
video play rate is 29.97 frames per second, and the second 
prespecified digital video play rate is. 24 frames per.second. 

7. The method of claim 6 further comprising the step of 
increasing the rate of the analog video signal from 29.97 
frames per second to 30 frames per second before the step of 
digitizing the video frame sequence. . 

8. The method of claim 6 wherein the analog video 
signal is a video representation of film shot at 24,, frames 
per second, and whereby the digital video play rate of 24 
frames per second corresponds to the 24 frames per second 
film shooting rate. 

9. The method of claim 8 wherein the analog video 
signal is a representation of film that is transferred to the 
video representation using a telecine apparatus 

10 . Apparatus for generating a digital representation of 
a video signal comprised of a sequence of video frames, each 
frame including two video fields of a duration such that the 
video plays at a first prespecified rate of frames per 
second, a prespecified number of redundant video fields being 
included in the video frame sequence, comprising: 

a video processor foe identifying the redundant video 
fields in the video frame sec[uence; 

an analog to digital converter for digitizing the video 
frame sequence excluding the identified redundant video 
frames; and 

a video compressor for compressing the digitized video 
frames to generate a digital representation of the video 
signal which plays at a second prespecified rate of frames 
per second - 
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11 The apparatus of claim 10 wherein the video 
processor comprises a processor which assigns a capture mask 
value to each video field in the video frame sequence, based 
on whether or not the fields is redundant. 

12 The apparatus of claim 11 wherein the analog to 
digital converter comprises a video frame grabber which 
processes the video frame sequence based on the capture mask 
values of the video fields to exclude the identified 
redundant video frames so that only the nonredundant video 
frames are digitized by the analog to digital converter. 

13 The apparatus of claim 10 wherein the video 
compressor compresses the video frames based on JPEG video 
compression • 

14. system for generating, from information in the form 
of fields occurring at a first prespecified rate and 
including redundant fields, a digital representation of the 
information excluding the redundant fields, whereby dxgxtxzed 
fields occur at a second prespecified rate comprising: 

apparatus for identifying the redundant fields; and 
apparatus for digitizing the information excluding the 
identified redundant fields. 

15. Method for generating, from information in the form 
of fields occurring at a first prespecified rate and 
including redundant fields, a digital representation of the 
information excluding the redundant fields, whereby the 
digitized fields occur at a second prespecified rate, 

comprising: 

identifying the redundant fields, and 

digitizing the information excluding the identified 

redxindant fields. 
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ls. Electronic editing system for digitally editing film 
shot at a first prespecified. rate, and converted to an analog 
video representation at a second prespecified. rate, 

comprising: . . . 

analog to digital converting circuitry for accepting the 
analog video representation of the film, adjusting the rate 
of the analog video such that the rate corresponds to the 
first prespecified rate at- which the film was shot, and 
digitizing the adjusted analog video to generate a 
corresponding digital representation of the film; 

digital storage apparatus for storing the digital 
representation of the film; and 

computing apparatus for processing the stored digital 
representation of the film o electronically edit the film and 
correspondingly edit the stored digital representation of the 
film. 

17. The system of claim 16 further comprising digital to 
analog converting circuitry for converting the editied 
digital representation of the film to an analog video 
representation of the film, adjusting the rate of the analog 
video from the first prespecified rate to the second 
prespecified video rate, and outputting the adjusted analog 
video. 

18. The system of claim 16 wherein the analog video 
representation of the film accepted by the analog to digital 
converting circuitry as an NTSC videotape. 

19. The system of claim 16 wherein the apparatus for 
storing the digital representation of the film also stores a 
digitized version of the film transfer log corresponding to 
the digital representation of the film. 
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20 The system Of Claim 19 wherein the xomputing 
apparatus electronically edits the, digitized version of the 
film transfer log. in response to the electroniq.editing of 
the film. 

21 The system of claim 16 further comprising, display 
apparatus for displaying the digitized. version of the film as 
the film is electronically edited and -displaying a metric for 
tracking the location of a segment -of the film as the segment 
is displayed/ the metric being based on either film footage 
code or video time code. 

22. The system of claim 21 further comprising apparatus 
for digitizing an audio soundtrack corresponding to the film, 
and wherein the computing apparatus processes a digitized 
representation of the soundtrack in correspondence with 
electronic editing of the film. 
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